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CHAPTER 1 

INTRODUCTION 

Today's target acquisition systems are often composed of electro-optical imaging 
systems as well as the human observer. Instead of viewing a scene directly with his own 
eyes, the observer often views an image of the actual scene which has been produced by 
an electro-optical system. This system may be composed of detectors, transmission and 
storage devices and a display. 

Errors are inherent in any transmission or display system. They are an unavoidable 
result of the physical limitations of the system. A classic dilemma in image transmission 
and display is that we must compromise between the conflicting constraints of dynamic 
range and noise. The most important problem in image display is the limited dynamic 
range of typical displays. High fidelity images such as those seen by the human eye in 
the real world obtain dynamic ranges far in excess of 1000:1 or even 10000:1 (Stockham, 
1975), whereas displays have typical dynamic ranges of 300:1. Other problems that may 
be introduced in any transmission and display system are image blur and noise. 

Acquisition refers to a series of visual processes, which range from the first awareness 
of some local difference in energy at a specific point in the visual field through a 
progressive awareness of the detail structure of an object (Overington, 1976). Detection 
refers to the awareness of existence of local difference energy. Recognition refers to the 
awareness that an object is of a particular class. Identification refers to the ability to 
specify that an object is a particular one of a class. 

To achieve maximum target acquisition performance from these man-machine 
systems, the output of the electro-optical system must be designed with the capabilities 
and limitations of the human visual system in mind. 

"So it is that one might expect the most modern efforts in image 
transmission, display and processing to be strongly influenced by a 
knowledge of the human observer characteristics. The implication of this 
statement is that the image processing scientist must be well versed not 
only in the physics of optics, the electrophysics of sensing, the electronics 
and chemistry of transmission, and the analog and digital disciplines of 
processing, but also in the psychophysics, biophysics and psychology of 
vision" (Stockham, 1975). 

The purpose of this research effort was to gain a better understanding of the scene 
modulation, image resolution and signal-to-noise requirements of the human visual system 
in performing the target acquisition task. The interactions of these variables are examined 



experimentally to quantify their combined effects upon target acquisition performance. 
The results hold significant implications for trade-offs in target acquisition system design. 
Further, theory of signal detection is applied to the experimental results to quantify 
operator target acquisition requirements independently of operator decision criterion. 

The next section of this report presents a background review of light and photometric 
quantities, a description of the human visual system, description of a systems approach 
to visual perception, a discussion of factors believed to affect target acquisition 
performance (detection and recognition) and a discussion of theory of signal detection as 
applied to visual target acquisition. Chapter 3 describes the studies performed under the 
current research effort: a detection experiment, and two recognition experiments. Chapter 
4 presents a summarization of the results of the three studies. Chapter 5 presents a 
discussion of the results of the current research effort and ideas for future directions. 



CHAPTER 2 
BACKGROUND REVIEW 

Light 

Everything we see is dependent upon light. Light is part of the continuous spectrum 
of electromagnetic radiation. An electromagnetic wave carries energy. The energy 
distribution of the wave passing through a spatial plane: c(x,y,t, X) is called spectral 
irradiance per (area x wavelength) or irradiance per wavelength. The x and y are spatial 
variables, t is time and X is wavelength. The X is related to frequency by: A= c I f 
where C is the speed of an electromagnetic wave (3*108m/sec). The unit associated with 
c(x,y,t, A) is energy per (area x time x wavelength) and is joules/(m3 sec). Integrating 
c(x,y,t, X) with respect to X gives irradiance in unit of joules/(m2sec) or watts/m2. 
Integrating c(x,y,t, X) with respect to all four variables gives the total energy (joules) 
passing through a spatial plane. 

Light is distinguished from other electromagnetic waves by the fact that the eye is 
sensitive to it. The eye is sensitive to electromagnetic waves over a narrow range of 
wavelengths -X = 350 nm to 750 nm (1 nm = 10"9 meter). 

Quantities associated with c(X), such as radiant flux and irradiance, are radiometric 
units. These are physical quantities which can be measured and defined independent of a 
human observer. Contributions that c(X{) and c(X2) make to the human perception of 
brightness are generally quite different for Xi&Xz even when c(X{) and 0(^2) are equal. 
The perceived brightness is dependent upon X. Of course, if X is not within the visible 
range, it will not contribute at all to the perception of brightness. Light that consists of 
only one spectral component is called monochromatic. 

The basic photometric quantity is luminance, adopted in 1948 by the Commission 
Internationale de l'Ecliarage (C.I.E.), an international body concerned with standards for 
light and color. A relative luminous efficiency function, v(X), was determined by having 
observers equate brightness of lights of various wavelengths to a fixed standard, c\X), at 
555 nm. The relative luminous efficiency function, denoted by \(X), describes the ratio of 
energy required for light at other wavelengths to match the brightness of light at 555 nm. 
The typical observer has maximum brightness sensitivity at 555 nm. Therefore, 
c(X)/c\X) is always less than or equal to unity. The C.I.E. function is roughly bell 
shaped with a maximum value of 1 at 555 nm (Lin, 1990). 

The basic unit of luminance is the lumen (hn). The luminance per area / of a light with 
X 

c(X) can be defined by / = k J c( X)v(X)dX. Neither luminance nor luminance per area 
1=0 

measures the human perception of brightness. That is, a light of 2 lumens/m2 will not 
3 



appear to the observer to be twice as bright as a light of 1 lumen/m2. However, luminance 
per area is related to the perception of brightness more closely than an integral of c(X), 
and in typical viewing conditions, a light with larger luminance per area is perceived to be 
brighter than a light with smaller luminance per area (Lin, 1990). 

Human perception of light with c(X) (fixed spatial point and fixed time) can be 
described in terms of brightness, hue and saturation. Brightness refers to the perceived 
intensity or strength of the light. Hue is defined as the attribute of color which allows us 
to distinguish red from blue. Light with approximately equal amounts of c(A,) across the 
visible range appears white. Monochromatic light appears colored and its color depends 
on X. Saturation refers to the purity or vividness of the color. The perceived saturation 
of a color is related to the effective width of c(A,). Monochromatic light has very narrow 
spectral content and looks very vivid and pure. Therefore, it is said to be highly 
saturated. As the spectral content of c(X) widens, the color is perceived to be less vivid 
and pure and is said to be less saturated (Lin, 1990). 

Human Visual System 

The human visual system consists of the eye that transforms light to neural signals 
and the related parts of the brain that process the neural signals and extract information. 

The eye is approximately spherical with a diameter of about 2 cm. It is a device that 
gathers light and focuses it onto its rear surface. If we examine a horizontal cross section 
of eye from the outside inward (Figure 1), we find the following elements. The cornea 
faces outside world. It is a tough transparent membrane whose function is to refract or 
bend light. It acts like the convex lens of a camera and accounts for about two thirds of 
the light bending necessary for focusing. The aqueous humor is clear free-flowing liquid 
behind the cornea. The iris is the colored part of eye. It controls amount of light entering 
the eye by changing the size of the pupil, a small round hole in its center. Pupil diameter 
adjusts between 1.5 mm and 8 mm depending on the amount of external light. 

The lens consists of many transparent fibers encased in a transparent elastic 
membrane. The lens is bi-convex in shape with a refractive index of 1.4. It is surrounded 
by media having similar refractive indices. Less light bending occurs at the lens than at the 
cornea. (The cornea has a refractive index of 1.8 but faces air.) The function of the lens is 
to provide that bending required to accurately focus light on a screen at back of eye called 
the retina. While a camera changes the distance between lens and screen to focus objects 
at different distances, the eye changes the shape of the lens while the distance between 
lens and retina remains constant. This process of changing the shape of the lens is called 
accommodation and takes place almost instantly. 
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Figure 1. Horizontal cross section of the eye. 

The vitreous humor, a transparent jelly-like substance, is behind the lens. It is 
optically matched to keep light focused by lens on the same course. It fills the space 
between the lens and the retina and gives support to the shape of the eye. The retina is 
the screen on which light is focused and light-receptive cells convert light to neural signals. 
Two types of light receptor cells are found in the retina, called rods and cones. The cones 
are primarily for day color vision (photopic) and are less sensitive to light than rods. 
There are about seven million cones in the retina. The three types of cones are sensitive 
to either red, green or blue light. The rods are more sensitive to light and are primarily for 
night vision (scotopic). There are about 120 million rods in the retina. Since rods are 
responsible for night vision and cones do not respond to low light levels, we do not see 
color at night. Rods and cones are not distributed evenly about the retina. Most of the 
cones are concentrated in the fovea, a small round area directly behind the pupil of the 
eye. When we look straight ahead at an object, the object is focused on the fovea. There 
are no rods in this region. Therefore, it is the region for most accurate vision in bright 
light. The rods are concentrated away from the fovea. Objects focused in the fovea are, 
therefore, not visible in dim light. In dim light, we see objects most clearly in the 
periphery. 



A complex electro-chemical reaction takes place when light impinges on cones and 
rods. Light is converted to neural impulses which are transmitted to the brain via the 
optic nerve fibers. While there are approximately 130 million rods and cones, there are 
only about one million nerve fibers. The nerve fibers are shared by the rods and cones. 
However, they are not shared equally. Some cones in the fovea have one nerve each. 
Rods always share nerve fibers. 

After the optic nerve bundles leave the two eyes they meet at the optic chiasm. Here 
each bundle splits into two sections and one section from each eye joins with a section 
from the other eye. This crossing of the nerve bundles from the two eyes is partly 
responsible for our stereoscopic vision which allows us to see a three-dimensional world. 
The two newly formed bundles go to the left and right lateral geniculate bodies. Here new 
fibers continue to the visual cortex where visual processing takes place. 

The visual cortex is a mass of gray matter forming two hemispheres at the back of the 
brain. Little is known about how neural signals are processed in the visual cortex. 

Visual Perception 

When a scene is viewed by a human observer, the spatial information contained in that 
scene must undergo three stages of processing. The first stage is optical processing and 
involves the formation of a picture of the scene on the retina. The second stage is neural 
processing and starts at the retina where the image is detected by a mosaic of 
photoreceptors. Signals are transmitted through the neural network of the ganglion cells 
to the geniculate fibers and then to neurons of the visual cortex. The third stage is 
psychophysical. This is the final perception of the picture (Cornsweet, 1970). 

The perceived picture cannot be directly measured. Therefore we cannot easily 
describe it as some numerical function of the original scene. We can only assume a 
hypothetical perceived picture which consists of numerical brightness as a function of 
position (Saleh, 1982). 

A systems approach can be applied to the study of transmission of information by 
defining a system whose input is the original picture and whose output is the 
hypothetical perceived picture. Hall and Hall (1977) describe the simplest model as one 
of three cascaded systems. The first is a linear system which represents the optics of the 
eye. The second is a logarithmic point nonlinearity which represents the response of the 
photoreceptors. The third is a linear system which represents neural processing. 

The overall system described above is nonlinear. Researchers have avoided this 
complication by using visual stimuli having low contrast. The system is also space 
variant; that is, the response of the system to an impulse depends upon the location of 
the impulse. Davidson (1968), however, argues that the system is approximately locally 
invariant over regions within which structural inhomogeneity is effectively self- 
homogenizing. These issues are important because a system which is linear and space- 



invariant can be completely characterized by its response to sinusoidal stimuli. The 
response of the system to any complex stimulus can then be characterized as the 
superposition of the responses to each of the sinusoidal Fourier components of the 
stimulus. 

The response of a linear, space-invariant system to a sinusoidal stimulus is also 
sinusoidal. However, the amplitude is generally attenuated and the phase shifted. The 
attenuation as a function of frequency defines the modulation transfer function (MTF). 
The phase shift as a function of frequency defines the phase transfer function. The two 
taken together, determine the transfer function of the system. 

The transfer function of a linear system is usually determined by measuring the 
attenuation and phase shift of sinusoidal stimuli of different frequencies. To apply this 
technique to the visual system, sinusoidal spatial gratings 

I(x.y) = J0{1+ mcos\2.7tf (xcosö-vsin0)+ <p]} 

of contrast m, frequency^, and orientation 6 are displayed to the observer (Saleh, 1982). 
However, in the human visual system, there is no way to directly measure the amplitude 
or the contrast of the perceived sinusoidal function. 

Our ability to perceive the details of a visual scene is determined by the relative size 
and contrast of the detail present. Schade (1956), who was the first to use Fourier 
methods to study vision, measured the contrast sensitivity function (CSF). He did this 
by reducing the contrast of a sine wave grating displayed on an oscilloscope until the 
viewer no longer saw the grating but rather, saw a uniform field. The mean value of the 
grating was kept fixed as the contrast was reduced. The reciprocal of the level at which 
the grating was no longer perceived was then the contrast sensitivity. This procedure was 
repeated at a number of different spatial frequencies, thus producing the contrast 
sensitivity function (C(f)). 

To determine the relationship between the CSF and the MTF of the linearized visual 
system, a mechanism of threshold detection must be postulated. The simplest 
mechanism is that of comparing the perceived small contrast to a fixed threshold level 5. 
When S is exceeded, the pattern is declared to be detected. The measured contrast 
threshold of the original pattern [C(fj\A should, when reduced by the MTF, H(f), of the 
visual system be equal to the threshold level <5. Therefore, [C(f)\~l H(f) = 5 or H(f) = 5 
C(f). The MTF is proportional to the CSF (Saleh, 1982). 

Campbell and Green (1965) separated the optical and neural contributions of the CSF 
by creating sinusoidal patterns directly on the retina. They found that the optics of the 
eye acts as a low-pass spatial filter while the retina brain system acts as a bandpass filter 
attenuating both very low and very high spatial frequencies. The spatial frequencies of 
maximum sensitivity were found to be between 3.0 and 4.5 cycles per degree of arc 
subtended in the viewer's field of vision. The sensitivity also depends upon orientation 
of the grating. Sensitivity is greatest for 0 = 0 or 90 degrees and least for 6 = 45 degrees. 



Factors Affecting Target Acquisition 

Detection 

Available energy affects detection; we must have a sufficient amount of the right form 
of energy. The human visual system is sensitive to only a very limited portion of the 
electromagnetic spectrum-wavelengths from 400 to 700 nm with peak sensitivity at 
about 550 nm. The band of sensitivity corresponds roughly with the peak of radiation 
from the sun, which is at about 500 nm. The visual system, then, tends to be optimized 
for natural illumination. Cones and rods enable the human visual system to cope with a 
tremendous range of luminance levels met in natural viewing from lO^cd/m2 to 5000 
cd/m2. Most cones are in the fovea, which covers a circular portion of the visual field 
subtending between 10 and 20 mrad diameter. 

Stimulus characteristics affect our ability to detect. These include size, shape and 
form, contrast against surroundings, texture, edge sharpness, interaction with 
surroundings. 

It has been found that the eye can usually just detect a black disc of angular subtense 
about 0.15 mrad against a plain background in good light. Similarly it was found possible 
to detect the presence of twin points of light as twin points when they were separated by 
about 0.15 mrad, again in good light. 

As the size of an object is increased while all other conditions are held constant, it 
almost invariably becomes easier to see. The contrast required to see a simple circular 
stimulus having angular subtense at the eye on the order of a milliradian or less is 
governed by Ricco's Law: ecu2 = constant, where a is the angular diameter of the stimulus 
and S is the contrast defined by (B/B -1) where B and B' are the luminances of the 
stimulus and immediate background, respectively. As size is increased above about 
3 mrad diameter, the deviation from Ricco's Law becomes more and more marked until 
when looking at stimuli with diameters in excess of 30-60 mrad, further increase in size 
has little further effect on the value of £. 

The contrast required to see an object is also a function of field luminances, with 
higher contrast being required if the background luminance is low. Blackwell (1946) has 
plotted threshold contrast curves as a function of luminance for disc stimuli of various 
sizes. At low luminance levels, these curves show a discontinuity where the cones cease 
to function and rods take over. These threshold curves hold true only if the eye has 
become adapted to the background illumination level. The process of adaptation can take 
many minutes depending upon the difference in luminance levels before and after 
adaptation. 

Experimenters have looked at effects of shape. Lamar (1948) studied the effects of 
object aspect ratio, using rectangular stimuli with aspect ratios ranging from 2:1 to 200:1. 
Contrast threshold was found to decrease with increased object area at all aspect ratios. 



However, thresholds were found to be largely independent of aspect ratios up to about 
7:1, after which thresholds began to be considerably higher for objects of same area but 
greater aspect ratio. Guth and McNelis (1969) studied threshold functions for various 
complex targets such as parallel bars, Landolt rings, letters and dot patterns. They found 
that detection was approximately independent of shape for high luminance. Although 
luminance trends tended to be shape dependent, trends for circular stimuli were a good 
mean. 

Effects of edge sharpness were examined by Ogle (1961). Thresholds for various 
sizes of out-of-focus aerial images of disc stimuli were utilized. The results of this work 
have shown that there is a massive effect of blur on thresholds for very small objects. 
This is presumably due to the extensive spreading of energy in the retinal image. There 
was also significant threshold degradations due to blurring for large objects. 

Contrast sensitivity and orientation have been found to affect detection. Campbell et 
al (1966) found visual response to be maximal to vertical edges with a secondary 
maximum to horizontal edges and pronounced minima for patterns inclined at 
approximately 45 degrees to the vertical. 

Effective exposure time, the total time available for inspection of any particular part 
of a stimulus, will affect detection performance. Search may be necessary due to 
uncertainty as to where a stimulus is in the visual field or it may be an imposed detail 
search within a local area of a visual scene, or even within local parts of a complex 
stimulus. In each case the search strategy will yield progressive bits of data on which to 
build a brain 'picture' of the fine details of the scene being studied, but at the expense of 
available time to study any one elemental area. Scene structure may include similar 
objects to the stimulus, thus producing conflicting input data. This may upset adaptation 
level at which the local visual inspection is taking place or may introduce local veiling 
glare effects. Other factors include retinal position, motion, color, state of eye focus, 
positive versus negative contrast, training and motivation. All these factors can have 
effects on performance, most of which are ill-defined. 

Recognition 

In our everyday life, we are usually required to do more than just detect the presence 
of an object. More often, we must be able to recognize that an object is one of a 
particular class. Less is understood about how the visual system performs recognition. It 
is not obvious exactly what structure it is necessary to see in order to effect recognition in 
a given situation. Nor is it obvious how to relate the detectability of certain local 
structure to the detection thresholds of isolated simple shapes. 

Suprathreshold vision is more complex than threshold vision as it involves the 
appearance of viewed pictures rather than the question of whether or not a stimulus is 
detected (Saleh, 1982). Measurements of the suprathreshold MTF, performed by 
matching sinusoidal gratings of different spatial frequencies (Springer, 1978; Kulilowski, 
1976), yield a suprathreshold that is much flatter, not falling off at high and low 
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frequencies. Springer (1978) suggests that neural processing compensates for optical 
degradation, thus achieving a deblurring of the image. 

Furchner, Thomas and Campbell (1977) and Campbell, Howell and Johnstone (1978) 
found that under certain conditions of low frequency and low contrast, a square wave 
pattern could not be distinguished from a similar square wave pattern without the 
fundamental. Campbell et al. (1978) suggest that the visual system responds "as though 
hardwired to detect square gratings and edges by means of quasi-Fourier analysis." 

Recognition ability must depend, at least to some extent, upon such factors as the 
number of possible stimuli, complexity of form, previous experience, orientation of the 
retinal image and association with the particular field of view in addition to the factors 
found to influence detection. 

Helson and Fehrer (1932) found, for simple shape recognition including rectangles, 
discs and triangles, rectangles are easiest to recognize with triangles generally being next 
easiest. 

Results of several studies (Bitterman, Krauskopf and Hochberg, 1954; Engstrand and 
Moeller, 1962) show recognition threshold to vary directly with "compactness." This 
term is used to describe forms of low aspect ratio and simple contour characterized by a 
low perimeter to area ratio (P/A ratio). Fox (1957) found that while form does affect 
recognition threshold, neither perimeter, area nor P/A were good predictors. Casperson 
(1950) used 30 geometric shapes, five each of various forms of rectangles, ellipses, 
triangles, diamonds, crosses and stars of various sizes. He found no common behavior for 
the different forms. While area was a good predictor of threshold for all triangles, it was a 
very poor predictor for stars and crosses. The maximum dimension or perimeter was 
found to be a good predictor for stars but very poor for ellipses and diamonds. There 
seems to be no simple measure of form which can be used as a universal predictor of 
recognition threshold. Attneave (1954) postulated that it might be the local parts of the 
profile of an object which allowed its recognition. He produced a series of outline shapes 
with irregular contours, and, allowing each of several observers ten dots with which to 
define the figure, produced a statistical impression of the importance of various local 
parts of the profile. There appeared to be a strong concentration of importance in the 
regions of maximum rate of change of contour direction, with very little importance to 
straight regions of contour. 

Experience, expectancy and familiarity are very important factors in recognition. 
Experienced observers can discriminate fine details of familiar objects very quickly and 
accurately. Unfamiliar or unexpected objects are not as easily discriminated as the 
familiar or expected. 

The availability of lasers and high-capacity digital computers has made it feasible to 
apply spatial filtering techniques to the problem of picture analysis. The practical 
problems that arise in making an object recognition device are of direct relevance to 
solving the problem of how we recognize familiar objects in complex scenes. Conversely, 
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pattern recognition engineers are very interested in the visual system, for here is a device 
that actually works very well (Campbell, 1974). 

Overington (1976) discusses contributory factors to the recognition decision. First 
there is the object which has certain characteristics which differentiate it from its 
surroundings and other objects. This is not a simple difference of luminance on adjacent 
receptors as with detection, but a difference of local luminance structure from that which 
would be expected for an alternative confusable object. Expectation implies a required 
input from the memory. It is only by experience that we can learn what visually 
discriminates one object from another. As with detection, the differential effects must be 
differences in the retinal image, not in the original object. The whole of the understanding 
of the visual process is tied up with an understanding of ability to detect details 
(Overington, 1976). Ginsburg (1971) has shown that we require only a quite narrow 
range of low spatial frequency information to recognize many objects. 

Johnson (1957) presented the first frequency domain approach to predicting the 
ability of observers to perform target detection and recognition tasks. Johnson compared 
the level of decision making he could extract from an image (i.e., detection, recognition, 
identification) to the frequencies he could resolve in a US Air Force standard tri-bar chart 
which was scaled to the image. He determined the number of resolved line pairs required 
per foot of target dimension to perform a given task for a number of different targets. For 
example, detection of a tank requires 0.75 cycles per minimum dimension, recognition 
required 3.5 cycles and identification requires 7 cycles. All target views were broadside. 
Johnson stipulated that the bar pattern used must have the same contrast as the internal 
contrast of the actual target. 

Moser (1972) found that the Johnson Criteria did not work well for Naval vessels at 
some aspect angles. Moser experimented with breaking the ships' images into two- 
dimensional blocks of various resolutions. He determined that approximately 66 blocks 
were required to recognize whether the ship was a combatant or noncombatant. 
Approximately 400 blocks were required before the class of warship could be identified. 
While Johnson's Criteria was related to the minimum dimension of the target, Moser's 
was related to the average area. 

Johnson and Lawson (1974) established the Target Transform Probability Function as 
an improvement to the original Johnson Criteria. The Target Transform Probability 
Function relates the probability of performing a given visual task to the ratio of the 
number of cycles one can resolve across the minimum dimension of the target to the 
standard number given in the original Johnson Criteria. 

The Night Vision and Electronics Systems Directorate adopted the Johnson Criteria 
and the Target Transform Probability Function as their standard for predicting 
operational performance in 1974. This standard is still in use today. The approach for 
calculating target detectability, recognizability and identifiability has not changed 
significantly in more than 20 years (Shumaker, 1995). 
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O' Neill (1974) showed that ship images having the same number of resolved lines 
across their minimum dimension had different levels of discernability under different 
video signal to noise conditions. That is, with increased video signal to noise ratio, fewer 
lines were required across the target in order to accomplish the same level of detection, 
recognition or identification. 

Snyder (1983) evaluated the effects of image blur and noise on hardcopy and softcopy 
image quality scaling and information extraction. Five levels of blur and five levels of 
noise were employed. They found that both blur and noise resulted in reduced judgments 
of image quality and information extraction capability. They also found that increases in 
either noise or blur tended to mask the influence of the other variable on perceived 
quality. For information extraction, they found the effect of noise to be somewhat less at 
the greatest blur levels. 

Theory of Signal Detection 

While the previous discussion has focused on fluctuations in target acquisition 
performance due to input, it seems unreasonable to assume that there are no fluctuations 
due to the visual system itself, particularly at the decision level of the brain. More than 
sensory information is involved in target detection and recognition. The process of 
perceiving is not merely one of passively reflecting events in the environment, but one to 
which perceiver himself makes a substantial contribution. The observer relates his sense 
data to information he has previously acquired, and to his goals, in a manner specified by 
statistical decision theory (Swets, Tanner and Birdsall, 1964). 

An operator's performance in a target detection or recognition task may be a function 
of (1) properties of the target and imagery such as image resolution, modulation, blur, etc.; 
and (2) the operator's decision rule (e.g., presumed to be related to the payoff for 
correctly identifying a target and the consequences associated with false alarms.) 
Performance measures such as probability of hits and probability of false alarms do not 
allow one to unambiguously interpret the results; that is, the contribution to the response 
measures associated with stimulus characteristics and response bias are not separable. 
For example, an operator may achieve a high probability of hits, but achieve this result by 
calling everything a target (e.g., a high probability of false alarms). 

The theory of signal detection (TSD) provides a means by which one can obtain two 
independent measures that relate to operator sensitivity and response bias, respectively 
(Green and Swets, 1966). The measure of sensitivity, referred to as d', is generally 
affected by sensory/perceptual factors such as image resolution and target-to-background 
relationship. The other parameter, Beta, is a measure of response bias which is affected 
by such variables as the consequences of misses and false alarms, rules of engagement, a 
priori knowledge, expectations and training. The value of Beta is an index of the 
operator's response criterion. 
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The theory proposes that d' is equal to the difference between the means of the signal 
and noise (SN) and noise (N) distributions («SN-WN) expressed in standard deviation units 
of the N distribution (Figure 2). Because the location of the SN distribution with respect 
to that of the N distribution is entirely a function of the stimulus intensity and properties 
of the sensory system, d' is a pure index of stimulus detectability which is independent 
of the operator's criterion (Beta). 

In signal detection analysis, the corresponding Z scores from a normal distribution for 
the proportions of hits and false alarms are used to calculate d\ which is the measure of 
target detectability or operator sensitivity (Gescheider, 1976). A Z score represents the 
number of standard deviation units that a particular hit rate or false alarm rate is from the 
mean of a standard (zero mean, unit standard deviation) normal distribution. The 
equation used to calculate d' is: d' = Z(Hits) - Z (False Alarms). A d' of 0 is equivalent 
to chance performance, while a d' of 3 represents near perfect performance. 

Beta, on the other hand, is the ratio of the ordinate of the SN distribution at the 
f 

criterion to the ordinate of the N distribution at the criterion, as follows: ß =   ™{X) . 
JN(X) 

A low value of Beta represents a lax criterion where the operator will be liberal about 
reporting "signals," while a high value of Beta represents a strict criterion where the 
operator will be conservative about reporting "signals." 

In TSD studies, both parameters affecting perceptual sensitivity and parameters 
affecting decision criterion may be manipulated. This allows the determination of receiver 
operating characteristic (ROC) curves (Gesheider, 1976). An ROC shows the 
relationship between false alarm and hit rates (Figure 3). 
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Figure 2.   Relationship of p(Hit), p(FA), p(Miss), and p(CR) to noise (N) and signal plus 
noise (SN) distributions. 
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Figure 3. Illustration of the manner in which ROC curves are predicted from TSD. (a) 
depicts a situation in which signal strength is sufficient to result in only a slight overlap of 
the N and SN distributions, while (b) depicts a situation in which signal strength is weak, 
resulting in considerable overlap. 
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CHAPTER 3 
EXPERIMENTS 

Three target acquisition experiments were conducted using simulated infrared imagery 
of eight military vehicles. The first, a target detection study, required subjects to declare 
whether or not a military vehicle was present in an image. The two succeeding studies 
were recognition studies which required the subject to determine whether the vehicle 
present in an image belonged to one of four classes. The purpose of all three target 
acquisition studies was to evaluate the possible trade-offs between scene modulation, 
image blur and noise in their effects upon target acquisition. Further, the theory of signal 
detection was applied to take into account operator false alarm rate, thus separating 
perceptual sensitivity from operator decision criteria. 

Detection Experiment 

Variables of interest in the detection study were target internal contrast, target range, 
scene modulation and blur. The primary purpose of the detection study was to determine 
whether target internal contrast was a significant factor in target acquisition. Also, the 
detection study was used to estimate the appropriate levels of target range, scene 
modulation and blur to be used in subsequent recognition studies. 

Method 

Subjects: The subjects were ten trained observers. All were Air Force or on-site 
contractor personnel who had volunteered to participate in the study. All subjects 
exhibited 6/6 (20/20) or better Snellen acuity and were found to exhibit normal contrast 
sensitivity as tested by the Vector Vision Model CSV-1000 contrast sensitivity tester. 

Apparatus: This research was conducted in the Visual Image Processing, Enhancement 
and Reconstruction (VIPER) Laboratory at the Armstrong Laboratory's Human 
Engineering Division located at Wright-Patterson Air Force Base, Ohio. A diagram of the 
VIPER facility is shown in Figure 4. 

An International Imaging Systems (PS) Image Array Processor hosted on a PDP 11- 
34 or PDP 11-70 was used for image preparation and calibration as well as for image 
presentation and data collection. Images were presented on a 35.56 cm (14 inches) 
diagonal, Electrohome Model 38-V19NDA-BP monochrome monitor having a P-43 green 
phosphor. The display resolution is 5122 pixels. 

The display brightness and contrast were adjusted by displaying a 64 step gray scale 
and adjusting the brightness and contrast for subjectively equal differentiation between all 
adjacent steps of the gray scale. The luminance output of the display as a function of 
image intensity value (0-255) was measured using a Topcon Model BM-7 luminance 
colorimeter calibrated according to manufacturer's instructions using a Hoffman LS- 
65B/HO Standard Source. The calibration limit for luminance accuracy of the Topcon 
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Figure 4. The VIPER facility 

is specified by the manufacturer at +/- 4 percent. The display luminance transfer function 
is given in Figure 5. A custom-built response box which incorporates push buttons and a 
trackball was used for collection of subject responses. 

Stimuli: The stimuli were acquired from a training imagery database established at the 
Terrain Board facility at the Night Vision and Electronic Sensors Directorate (NV&ESD). 
NV&ESD established the imagery database for the purpose of training and testing 
automatic target recognizers (ATRs). The images were generated by systematically 
varying target aspects, target contrasts (i.e., SNRs), range (i.e., pixels-on-target), target 
signatures, target types, backgrounds and depression angles while controlling other target 
and background characteristics. The target models were imaged on a terrain board. The 
set up was designed to simulate imagery produced by a state-of-the-art infrared sensor. 

The format of the digitized imagery is 640 horizontal pixels by 480 vertical pixels 
with 8 bits per pixel. Ground truth files which accompany the imagery contain target 
type(s), x and y pixel location(s), target contrast(s), target aspect(s) and the image 
identification number. The imagery was stored in the Automatic Target Recognizer 
Working Group (ATRWG) Raster Format (ARF) and the ground truth files in Automa. 
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The Training Imagery Set 2 (TRIM2) was selected for this research effort. This 
training set consisted of 12 targets in six classes. The targets were imaged at 21 different 
aspect angles ranging from 0 degrees to 355 degrees. Two paint treatments were used to 
achieve conditions of target internal contrast and no target internal contrast. The targets 
were imaged at four simulated ranges (1500,2500,3500 and 4500 meters) at a depression 
angle of two degrees. The targets were imaged against three levels of background clutter. 
The total number of images in the TRIM2 imagery set was 2,244. 

For this research effort, eight targets were selected in four classes. These were the M- 
1 and M-60 Tanks, the M-l 13 and M-2 Armored Personnel Carriers (APCs) the M-35 
and HMMWV Wheeled Vehicles and the M-l63 and M-730 Air Defense Units 
(Artillery). The 45 degree aspect angle and the medium clutter level were selected for all 
targets. For this pilot study, all four ranges and both contrast conditions were used for 
each target for a total of 64 target images. Figures 6 thru 9 show the eight targets at each 
of the four ranges for the internal contrast condition. 

Each of the 640 by 480 pixel images contained from eight to ten individual targets 
from a single class. Therefore individual target chips were extracted from the target 
images. These chips were 12810 pixels for the 1500 and 2500 meter ranges and 642 pixels 
for the 3500 and 4500 meter ranges. Table 1 gives the number of pixels across the 
horizontal target dimension and the angular subtense subtended by the target at the 
observers eye (given the 76.2 cm viewing distance) for each target and each range. A 
single pixel subtended .03 degrees, resulting in 16.67 cycles per degree of visual angle. 
The ground-resolved distance per pixel was approximately 8.5 cm, 18.5 cm, 26 cm and 
33.5 cm for the 1500,2500, 3500 and 4500 target ranges, respectively. 

In addition to the 64 target image chips, 64 background image chips were also 
extracted. These chips were of areas of the terrain board which were near the target area 
and similar in appearance to the target area but contained no targets. For each "target" 
image chip, then, there was a corresponding "no target" image chip of the same size 
possible levels of image blur (image resolution). This was achieved by applying a 
gaussian filter to the image. Each image received three conditions of blur; these conditions 
were no blur, blur by gaussian filter of radius 8, and blur by gaussian filter of radius 12. 
This resulted in 192 "target" images and 192 "no target" images. The theoretical effects of 
the blur conditions can be seen in Figure 10. The figure shows the results of applying the 
blur conditions to a line one pixel wide. The blur was achieved by first taking the Fourier 
transform of both the image and the gaussian filter. The height of the resultant gaussian 
was then rescaled to unity to avoid decreasing the modulation of the image. This gaussian 
was then multiplied by the Fourier transform of the image and the inverse Fourier trans- 
form taken of their product. The sharp edge is "smeared" over 16 pixels when filtered by 
the gaussian of radius 8. It is "smeared" over 24 pixels when filtered by the gaussian of 
radius 12. At half the maximum luminance, the blur extends over 8 pixels and 12 pixels 
for the filters of radii 8 and 12, respectively. 
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Figure 6. Targets chips extracted from the TRIM2 simulated infrared imagery set; target 
range = 1500 meters. 
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Figure 7. Target chips extracted from the TRIM2 simulated infrared imagery set; 
range = 2500 meters. 
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Figure 8. Target chips extracted from the TRIM2 simulated infrared imagery set; 
range = 3500 meters. 
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Figure 9. Target chips extracted from the TRIM2 simulated infrared imagery set; 
range = 4500 meters. 
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Table 1 
Number of pixels across target horizontal dimension and target angular subtense (degrees) 

at each target range. 

TARGET at 1500m NO. PIXELS                      VISUAL ANGLE 

M-l 85 "5 
M-60 90 2.70 
M-113 71 2.13 
M-2 86 2.58 
M-35 78 2.34 
HMMWV 64 1-92 
M-163 72 2.16 
M-730 59 1-77 
TARGET at 2500m NO. PIXELS                      VISUAL ANGLE 
M-l 53 1.59 
M-60 49 .47 
M-113 42 1-26 
M-2 44 132 
M-35 39 1.17 
HMMWV 29 0.87 
M-163 33 0.99 
M-730 35 L05 

TARGET at 3500m NO. PIXELS                      VISUAL ANGLE 

M-l 35 I-°i 
M-60 30 0.90 
M-113 22 0.66 
M-2 31 0.93 
M-35 29 0.87 
HMMWV 19 0.57 
M-163 28 0.84 
M-730 23 0.69 
TARGET at 4500m NO. PIXELS                       VISUAL ANGLE 
M-l 32 0.96 
M-60 24 0.72 
M-113 17 0.51 
M-2 25 0.75 
M-35 23 0.69 
HMMWV 15 0.45 
M-163 24 0.72 
M-730 20 0.60 
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At the time of presentation, each of the resultant 384 images was further processed to 
achieve one of three levels of image modulation (dynamic range). The three levels of 
modulation were 0.1,0.3 and 0.85 as defined by the formula for Michelson Contrast, 

C__   Xjmax  -L>min 

M~ 
ljsaax  i/min 

where Lmin represents the minimum luminance value and Imax represents the maximum 
luminance value. 

The display transfer function was used to create a look-up table for control of image 
modulation. At all three modulations, the mean luminance of the images was held 
constant at 104 cd/m2. The luminance ranges were 86-113 for modulation of 0.1, 73-131 
for modulation of .3, and 17-186 for modulation of 0.85. Selection of the 104 cd/m2 mean 
luminance and the maximum modulation of 0.85 allowed for all images to be displayed 
within the display intensity value range of 70-200. Below the intensity value of 70, there 
is little increase in display luminance per unit increase in intensity value. Above intensity 
value 200, display luminance increases more sharply with each unit increase of intensity 
value (see Figure 5). Figures 11 through 14 show the internal contrast images of the Ml 
tank at all combinations of blur and modulation for each of the four target ranges. 

Procedure: Image presentation was grouped by contrast modulation, resulting in three 
blocks (three levels of modulation) of 384 images each. Half of the images in each block 
were "target" images and the other half were "no target" images. Each data collection 
session consisted of one block, resulting in three data collection sessions for each subject. 
Each subject completed one or two (morning and afternoon) sessions per day on 
consecutive days (except weekends) until all three sessions had been completed. 

Prior to beginning the first session, the subjects were tested for visual acuity and 
contrast sensitivity. They were shown pictures of all of the targets at all ranges. They 
were not shown degraded images (blur, reduced modulation). The subjects were also 
given a one-page set of written instructions to read. The pictures and the written 
instructions are presented in Appendix A. They were also asked to sign a consent form 
for their participation in the study. A copy of the consent form is found in Appendix B. 

The subject was seated in the VIPER subject booth approximately 76 centimeters (30 
inches) from the display. While no head restraint was used, subjects were reminded at the 
beginning of each session to keep their head and chair touching the back wall of the booth 
in order to maintain the 76 centimeter viewing distance. 
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Figure 10. Effects of blur upon an edge. The top figure shows the effects of filtering a 
line one pixel wide of maximum intensity with a gaussian of radius 8 pixels. The lower 
figure shows the effects of filtering the same line with a gaussian of radius 12. 
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Figure 11. M-l tank at all combinations of modulation and blur; range = 1500 meters. 
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Figure 12. M-l tank at all combinations of modulation and blur. Range = 2500 meters; 
no noise. 

28 



Modulation = 0.85 
Blur Radius = 0 

Modulation = 0.3 
Blur Radius = 0 

Modulation = 0.1 
Blur Radius = 0 

Modulation = 0.85 
Blur Radius = 8 

Modulation = 0.3 
Blur Radius = 8 

Modulation = 0.1 
Blur Radius = 8 

Modulation = 0.85 
Blur Radius = 12 

Modulation = 0.3 
Blur Radius = 12 

Modulation = 0.1 
Blur Radius = 12 

Figure 13. M-l tank at all combinations of modulation and blur; range = 3500 meters. 
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Figure 14. M-l tank at all combinations of modulation and blur; range = 4500 meters. 
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At the beginning of the session, a medium green screen of the same average luminance 
as the images (104 candelas/m2) was displayed with the word "READY" in the center. 
The subject initiated the presentation of the first image by moving the trackball slightly. 
The image appeared immediately and remained on the display for one second. The image 
was always displayed in the center of the medium green screen of the same average 
luminance as the image. This was followed by a medium green screen (104 candelas/m2) 
with the word "RESPOND" in the center. At this time the subject would press one of six 
buttons on the response box to indicate whether or not he believed that a target was 
present in the image. The button responses were as follows: 

Target definitely present. Target definitely NOT present. 

Target probably present. Target probably NOT present. 

Target possibly present. Target possibly NOT present. 

A diagram was provided above the control panel to remind the subject of which button 
was associated with each possible response. Only one button could be pressed for each 
image. There was no time limit for responding; however the response time was recorded. 
Subjects were instructed that accuracy was more critical than speed. 

After the subject had pressed one of the response buttons, the "READY" screen 
appeared for the next image and the above procedure was repeated for each image. In each 
block, all "targets" were presented at both contrast conditions and at all ranges and all blur 
conditions (resolution) as were the corresponding "no target" images. Image presentation 
within each block was completely randomized for each subject. The order of block 
presentation for each subject was determined by Latin Square (Fisher and Yates, 1957). 

Results 

Figures 15 and 16 show the percentages of Hits and False Alarms respectively, for the 
images in which targets had no internal contrast. These percentages are presented as a 
function of modulation and blur for each of the four target ranges (1500,2500,3500 and 
4500 meters). Figures 17 and 18 show the same data for images in which targets had 
internal contrast. 

31 



modulttlcn 

Hits as a function of modulation and blur: 
range = 1500 m, no internal contrast 

Hits as a function of modulation and blur: 
range = 3500 m, no internal contrast 

Hits as a function of modulation and blur: 
range = 2500 m, no internal contrast 

Hits as a function of modulation and blur: 
range = 4500 m, no internal contrast 

Figure 15. Hits as a function of modulation and blur; no internal contrast images. 
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FAs as a function of modulation and blur: 
ranga = 1500 m, no internal contrast 

FAs as a function of modulation and blur: 
ranga = 3500 m, no intsmal contrast 

FAs as a function of modulation and blur: 
range = 2500 m, no internal contrast 

FAs as a function of modulation and blur: 
range = 4500 m, no internal contrast 

Figure 16. False alarms as a function of modulation and blur; no internal contrast images. 
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Hits as a function of modulation and blur: 
range = 1500 m, internal contrast 

Hits as a function of modulation and blur: 
range = 3500 m, internal contrast 
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Figure 17. Hits as a function of modulation and blur; internal contrast images. 
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Figure 18. False alarms as a function of modulation and blur; internal contrast images. 
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Two five-way, full factorial, within subjects, fixed effects analyses of variance 
(ANOVAs) were performed using subject, target range, contrast treatment, modulation 
and blur as main effects and Hits Rate and false alarm rate as the dependent variables. 
The SAS (1982) data analysis software was utilized for these analyses. Tables 2 and 3 
summarize the results of the ANOVAs. 

Column one of the tables lists the experimental parameters and their interactions 
which may contribute to the variance in operator target detection performance. 
Interaction refers to the fact that scores associated with one experimental parameter may 
vary differently in the presence of different values of a second experimental parameter. 
Column two gives the degrees of freedom (df) associated with each experimental 
parameter. Degrees of freedom can be defined as the number of scores in a set that are 
free to vary; they are not fixed by some restriction placed on them. This is usually the 
number of scores in a set minus one. 

The third column gives the sum of squares associated with each parameter. The sum 
of squares is a ratio of the sum of squared deviations of individual scores from a mean to 
the number of scores. The total sum of squares of an ANOVA model is made up of two 
component sums of squares. These are the sum of squares based on the variability of 
subjects treated alike and the sum of squares based on the variability of the treatment 
means. When calculating variances the sums of squares are adjusted by dividing them by 
the number of deviations associated with each; this is the degrees of freedom. This 
average sum of squares defines a variance, called a mean square. 

The fourth column gives the F ratio which is formed by taking an estimate of 
treatment variability (mean square for the treatment) and dividing it by an estimate of the 
variability of subjects treated alike (mean square for subjects within the same treatment 
group). The latter term is called the error term of the F ratio. It provides an estimate of 
the experimental error influencing the differences among the treatment means. An F value 
of 1.0 would indicate no treatment effects. Values greater than 1.0 indicate that a 
treatment effect does exist. However, values greater than 1.0 can occur by chance even 
when no treatment effect exists. Therefore, the obtained F value is compared to a 
sampling distribution of F constructed by simulated experimentation in which there are no 
treatment effects. This sampling distribution gives the frequency with which each value 
of F may occur by chance. The experimenter selects a critical value of F (usually a value 
which has only five percent probability of occurring by chance). If the calculated value of 
F is greater than the critical value, then differences in scores due to experimental effects 
are said to be statistically significant. 

The fifth column, designated as p, gives the probability that the calculated F value for 
that parameter might have occurred by chance when there was no real treatment effect. 

The last column, designated as r2 gives the portion of total variance in the scores that 
is accounted for by a particular parameter. This value is obtained by dividing the total 
sum of squares by the sum of squares for the parameter of interest. 
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Source 

Table 2 
Detection Experiment: ANOVA Summary for Hits 

df SS 

Subjects (Sub) 9 
Range (Ran) 3 
Sub x Ran 27 
Treatment (Tr) 1 
Sub x Tr 9 
Modulation (Mod) 2 
Sub x Mod 18 
Blur (Blur) 2 
Sub x Blur 18 
Ran x Tr 3 
Sub x Ran x Tr 27 
Ran x Mod 6 
Sub x Ran x Mod 54 
Tr x Mod 2 
SubxTrxMod 18 
Ran x Blur 6 
Sub x Ran x Blur 54 
Tr x Blur 2 
Sub xTrx Blur 18 
Mod x Blur 4 
Sub x Mod x Blur 36 
Ran x Tr x Mod 6 
Sub x Ran x Tr x Mod 54 
Ran x Tr x Blur 6 
Sub x Ran x Tr x Blur 54 
Ran x Mod x Blur 12 
Sub x Ran x Mod x Blur 108 
Tr x Mod x Blur 4 
Sub x Tr x Mod x Blur 36 
Ran x Tr x Mod x Blur 12 
Sub x Ran x Tr x Mod x Blur 108 

9.4620 
4.6908 21.13 0.0001 0.0128 
1.9984 

19.2516 46.07 0.0001 0.0526 
3.7606 
6.4667 24.27 0.0001 0.0197 
2.3979 
5.0094 31.34 0.0001 0.0137 
1.4385 
5.1644 22.19 0.0001 0.0141 
2.0943 
0.7139 3.12 0.0107 0.0019 
2.0604 
4.0625 28.23 0.0001 0.0111 
1.2951 
1.1212 4.27 0.0014 0.0031 
2.3615 
3.4406 49.52 0.0001 0.0094 
0.6253 
3.0646 16.47 0.0001 0.0084 
1.6750 
0.5736 2.23 0.0543 
2.3188 
0.3372 2.67 0.0244 0.0009 
1.1385 
1.4007 2.79 0.0023 0.0038 
4.5125 
2.1688 10.56 0.0001 0.0059 
1.8486 
0.4326 0.68 0.7679 
3.9250 

T? 0.1573 
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Table 3 
Detection Experiment: ANOVA Summary for False Alarms 

Source df SS 

Subjects (Sub) 9 26.1729 
Range (Ran) 3 1.8035 3.81 0.0213 0.0037 
Sub x Ran 27 4.2590 
Treatment (Tr) 1 1.5340 7.31 0.0243 0.0031 
Sub x Tr 9 1.8896 
Modulation (Mod) 2 0.4691 0.32 0.7337 
Sub x Mod 18 13.3990 
Blur (Blur) 2 0.5128 2.75 0.0907 
Sub x Blur 18 1.6781 
Ran x Tr 3 1.6396 3.56 0.0273 0.0034 
Sub x Ran x Tr 27 4.1451 
Ran x Mod 6 0.3392 0.78 0.5856 
Sub x Ran x Mod 54 3.8899 
Tr x Mod 2 0.3983 3.27 0.0613 
Sub x Tr x Mod 18 1.0948 
Ran x Blur 6 0.8580 1.76 0.1244 
Sub x Ran x Blur 54 4.3816 
Tr x Blur 2 0.0753 0.45 0.6416 
Sub x Tr x Blur 18 1.4906 
Mod x Blur 4 0.1486 0.32 0.8644 
Sub x Mod x Blur 36 4.2125 
Ran x Tr x Mod 6 1.0323 2.77 0.0201 0.0021 
Sub x Ran x Tr x Mod 54 1.0323 
Ran x Tr x Blur 6 1.7094 3.47 0.0057 0.0035 
Sub x Ran x Tr x Blur 54 1.7094 
Ran x Mod x Blur 12 1.1181 1.32 0.2186 
Sub x Ran x Mod: «Blur 108 1.1181 
Tr x Mod x Blur 4 0.2361 0.79 0.5389 
Sub x Tr x Mod x Blur 36 0.2361 
Ran x Tr x Mod x Blur 12 0.8500 0.94 0.5101 
Sub x Ran x Tr x Mod x Blur 108 8.5597 

It1 0.0158 
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The significant interaction, for both hit rate and false alarm rate, between target range 
and target contrast treatment, the two variables inherent to the imagery, was further 
examined by performing separate four-way ANOVAs for each target contrast treatment. 
The results of these ANOVAs are summarized in Tables 4 and 5 for the internal contrast 
condition and in Tables 6 and 7 for the no-internal-contrast condition. 

Table 4 
Detection Experiment: ANOVA Summary for Hits (Internal Contrast Images only) 

Source df SS F P r2 

Subjects (Sub) 9 12.4656 
Range (Ran) 3 9.8260 22.28 0.0001 0.0318 
Sub x Ran 27 3.9691 
Modulation (Mod) 2 10.3896 28.00 0.0001 0.0328 
Sub x Mod 18 3.3396 
Blur (Blur) 2 8.3688 40.48 0.0001 0.0264 
Sub x Blur 18 1.8604 
Ran x Mod 6 1.1854 2.76 0.0205 0.0038 
Sub x Ran x Mod 54 3.8632 
Ran x Blur 6 1.3313 4.04 0.0021 0.0042 
Sub x Ran x Blur 54 2.9674 
Mod x Blur 4 5.1917 14.49 0.0001 0.0164 
Sub x Mod x Blur 36 3.2250 
Ran x Mod x Blur 12 1.6417 1.97 0.0338 0.0052 
Sub x Ran x Mod x Blur 108 7.4972 

Xr2 0.1206 

Table 5 
Detection Experiment: ANOVA Summary for False Alarms (Internal Contrast Images only) 

Source df SS F p r2 

3.19 0.0396        0.0086 

0.04 0.9624 

1.38 0.2774 

2.74 0.0213        0.0043 

1.23 0.3045 

0.96 0.4388 

0.81 0.6392 

Er2        0.0129 

Subjects (Sub) 9 8.5681 
Range (Ran) 3 1.7625 
Sub x Ran 27 4.9736 
Modulation (Mod) 2 0.0250 
Sub x Mod 18 5.8569 
Blur (Blur) 2 0.2250 
Sub x Blur 18 1.4694 
Ran x Mod 6 .8833 
Sub x Ran x Mod 54 2.9014 
Ran x Blur 6 0.4583 
Sub x Ran x Blur 54 3.3472 
Mod x Blur 4 0.3562 
Sub x Mod x Blur 36 3.3243 
Ran x Mod x Blur 12 0.5771 
Sub x Ran x Mod x Blur 108 6.4090 
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Table 6 
Detection Experiment: ANOVA Summary for Hits (No Internal Contrast Images only) 

Source df SS F p r2 

Subjects (Sub) 9 0.7569 
Range (Ran) 3 0.0292            2.12        0.1206 
Sub x Ran 27 0.1236 
Modulation (Mod) 2 0.1396            3.55        0.0500        0.0049 
Sub x Mod 18 0.3535 
Blur (Blur) 2 0.0813             3.59         0.0486        0.0027 
Sub x Blur 18 0.2034 
Ran x Mod 6 0.1021            1.78        0.1205 
Sub x Ran x Mod 54 0.5160 
Ran x Blur 6 0.1271            2.15        0.0626 
Sub x Ran x Blur 54 0.5326 
Mod x Blur 4 0.0417            1.26        0.3052 
Sub x Mod x Blur 36 0.2986 
Ran x Mod x Blur 12 0.1917            1.83        0.0513 
Sub x Ran x Mod x Blur 108 0.9403 

Zr2        0.0076 

Table 7 
Detection Experiment: ANOVA Summary for False Alarms (No Internal Contrast Images only) 

Source df SS F p r2 

Subjects (Sub) 9 19.4944 
Range (Ran) 3 1.6806            4.41         0.0120        0.0060 
Sub x Ran 27 3.4306 
Modulation (Mod) 2 0.8424            0.88        0.4328 
Sub x Mod 18 8.6368 
Blur (Blur) 2 0.3632            1.92        0.1749 
Sub x Blur 18 1.6993 
Ran x Mod 6 0.4882            1.01        0.4268        0.0017 
Sub x Ran x Mod 54 4.3382 
Ran x Blur 6 2.1090            3.47        0.0057        0.0075 
Sub x Ran x Blur 54 5.4674 
Mod x Blur 4 0.0285            0.07        0.9902 
Sub x Mod x Blur 36 3.5757 
Ran x Mod x Blur 12 1.3910            1.28        0.2410 
Sub x Ran x Mod x Blur 108 9.7826 

Ix2       0.0150 

40 



a 

0.8 - 

0.6- 

0.4 ■ 

_■            ■__—; 1  

0.2 • 

0 - 

0.1 0.3 

modulation 

0.85 

Figure 19. Effects of modulation upon hit rate; no internal contrast condition. 
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Figure 20. Effects of blur upon hit rate; no internal contrast condition. 
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For the no-internal-contrast treatment, target range did not have a significant effect 
upon hit rate. The mean hit rate across all target ranges was 0.99. The manipulations of 
modulation and blur were found to affect hit rate independently; there was no significant 
interaction between these variables. Figure 19 shows the effects of the modulation 
manipulations upon hit rate for this contrast condition. The mean hit rates are 0.996, 
0.991, and 0.980 for the 0.85, 0.3, and 0.1 modulation conditions, respectively. Only the 
hit rates for the 0.85 and 0.1 modulation conditions were significantly different from one 
another. Figure 20 shows the effects of blur upon hit rate for this contrast condition. 
The mean hit rates were 0.992,0.995 and 0.982 for the blur radius 0, 8, and 12, 
respectively. Only the hit rates for the blur radii 8 and 12 were significantly different 
from one another. 

False alarm rate, however, was significantly affected by target range. In addition there 
were significant interactions between target range and blur. Therefore, a three-way 
ANOVA was performed for each range to examine the effects of the manipulations of 
blur for each level of target range. At the 1500 meter range and the 4500 meter range, false 
alarm rate was not affected by blur. The mean false alarm rates were 0.107 and 0.146 for 
1500 meter and 4500 meters, respectively. At the 2500 meter and 3500 meter ranges, 
false alarm rate was significantly affected by blur. At the 2500 meter range only the false 
alarm rates for the no blur and the blur radius 12 conditions differed significantly from one 
another. At the 3500 meter range, only the no blur and blur radius eight conditions 
resulted in false alarm rates which differed significantly from one another. 

For the internal contrast treatment, target range was found to interact significantly 
with modulation and blur in their effects upon hit rate. Therefore, separate three-way 
ANOVAs were performed for each target range. The results of these ANOVAs are 
summarized in Tables 8-15. Both modulation and blur were found to significantly affect 
hit rate at all ranges and were found to interact significantly at all ranges except 3500 
meters. Blur was found to have a significant effect only at the lower modulations with 
fewer hits with increased blur. Modulation was found to have a significant effect only in 
the presence of blur. For all target ranges modulation was found to have no significant 
effect upon hit rate for the no blur condition. A greater effect of modulation was found to 
occur with increased blur. Whether the 0.3 modulation was significantly different from 
the 0.1 modulation seemed to vary somewhat with target range. 

Although the ANOVA for false alarm rate revealed a significant interaction between 
target range and modulation, there are no significant effects of modulation at any of the 
four target ranges. The range by modulation interaction is due to the mediation of the 
range effect by modulation. Although significantly more False Alarms were found at the 
1500 meter range that at the other ranges, this resulted only at the 0.3 and 0.85 
modulations. At the 0.3 modulation, false alarm rates differed significantly for 1500 
versus 2500 meters and for 1500 versus 4500 meters. At the 0.85 modulation, only the 
1500 and 4500 meter ranges differed significantly in false alarm rate. 
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Table 8 
Detection Experiment, Ranj ge = 1500m: ANOVA Summary for Hits 

(Internal Contrast Images only) 

Source df SS F P r2 

Subjects (Sub) 9 6.2847 
Modulation (Mod) 2 3.8694 12.57 0.0004 0.0318 
Sub x Mod 18 2.7694 
Blur (Blur) 2 2.1778 12.04 0.0005 0.0179 
Sub x Blur 18 1.6278 
Mod x Blur 4 1.0722 3.01 0.0306 0.0088 
Sub x Mod x Blur 36 3.2056 

Table 9 

Er2 0.0585 

Detection Experiment, Range = 1500m: ANOVA Summary for False Alarms 
(Internal Contrast Images only) 

Source df SS F P r2 

Subjects (Sub) 9 9.1167 
Modulation (Mod) 2 0.0778 0.21 0.8100 
Sub x Mod 18 3.2833 
Blur (Blur) 2 0.1194 0.68 0.5179 
Sub x Blur 18 1.5750 
Mod x Blur 4 0.7056 1.55 0.2090 
Sub x Mod x Blur 36 

Table 10 

Xr2 0.0000 

Detection Experiment, Rang ̂  = 2500m: ANOVA Summary for Hits 
(Internal Contrast Images only) 

Source df SS F P r2 

Subjects (Sub) 9 2.4944 
Modulation (Mod) 2 4.7250 21.29 0.0001 0.0680 
Sub x Mod 18 1.9972 
Blur (Blur) 2 5.2583 27.61 0.0001 0.0956 
Sub x Blur 18 1.7139 
Mod x Blur 4 4.2667 14.8 0.0001 0.0614 
Sub x Mod x Blur 36 2.5944 

Xr2 0.2250 
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Table 11 
Detection Experiment, Range = 2500m: ANOVA Summary for False Alarms 

(Internal Contrast Images only) 

Source df SS F p r2 

Subjects (Sub) 9 0.8736 
Modulation (Mod) 2 0.0361            0.34        0.7182 
Sub x Mod 18 0.9639 
Blur (Blur) 2 0.2528            1.95        0.1705 
Sub x Blur 18 1.1639 
Mod x Blur 4 0.0889            0.30        0.8756 
Sub x Mod x Blur 36 

Xr2        0.0000 

Table 12 
Detection Experiment, Range = 3500m: ANOVA Summary for Hits 

(Internal Contrast Images only) 

Source df SS F p r: .2 

Subjects (Sub) 9 4.6888 
Modulation (Mod) 2 2.1028          11.11        0.0007        0.0272 
Sub x Mod 18 1.7028 
Blur (Blur) 2 1.1194          23.10        0.0001        0.0140 
Sub x Blur 18 0.4361 
Mod x Blur 4 0.5722            1.96        0.1210 
Sub x Mod x Blur 36 

Zr2        0.0412 

Table 13 
Detection Experiment, Range = 3500m: ANOVA Summary for False Alarms 

(Internal Contrast Images only) 

Source df SS F p r2 

Subjects (Sub) 9 2.0222 
Modulation (Mod) 2 0.3583            2.03        0.1599 
Sub x Mod 18 1.5861 
Blur (Blur) 2 0.2583            3.02        0.0739 
Sub x Blur 18 0.7694 
Mod x Blur 4 0.0833            0.44        0.7821 
Sub x Mod x Blur 36 1.7222 

Sr2        0.0000 
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Table 14 
Detection Experiment, Range = 4500m: ANOVA Summary for Hits 

(Internal Contrast Images only) 

Source df SS F P r2 

Subjects (Sub) 9 2.9667 
Modulation (Mod) 2 0.8777 10.77 0.0008 0.0245 
Sub x Mod 18 0.7333 
Blur (Blur) 2 1.1444 9.81 0.0013 0.0317 
Sub x Blur 18 1.0500 
Mod x Blur 4 0.9222 3.61 0.0142 0.0256 
Sub x Mod x Blur 36 

Zr2 0.0818 

Table 15 
Detection Experiment, Range = 4500m: ANOVA Summary for False Alarms 

(Internal Contrast Images only) 

Source df SS F p r2 

Subjects (Sub) 9 1.5292 
Modulation (Mod) 2 0.4361            1.34        0.2863 
Sub x Mod 18 2.9250 
Blur (Blur) 2 0.0528            0.36        0.7005 
Sub x Blur 18 1.3083 
Mod x Blur 4 0.0556            0.40        0.8073 

Zr2        0.0000 

Discussion 

The primary purpose of the detection experiment was to estimate reasonable levels of 
modulation and blur for the recognition study. Also of interest was the question of 
whether the effects of manipulation of these variables were more or less pronounced as a 
function of the target internal contrast condition and target range, variables inherent in the 
imagery. 

The mean hit rate for the no-internal-contrast condition was 0.99 with a high of 1.0 
and a low of 0.965 while the mean false alarm rate was 0.110 with a high of 0.158 and a 
low of 0.029. The mean hit rate for the internal contrast condition was 0.87 with a high 
of 1.0 and a low of 0.51 while the mean false alarm rate was 0.077 with a high of 0.175 
and a low of 0.0125. 

Surprisingly, the lowest hit rate occurred at the 1500 meter target range and the 
highest at the 4500 meter range for the target internal contrast condition. The lack of a 
significant target range effect upon hit rate for the no-internal-contrast condition was not 
surprising, as the target appeared as a black silhouette against the background and was 
easily detectable at all ranges. 
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The effects of modulation and blur upon hit rate were significant at all target ranges 
for both target contrast conditions. The effects of at least the highest and lowest 
conditions of modulation and blur were significantly different for all target ranges at both 
contrast conditions. 

Few significant effects upon false alarm rate were found. The primary effect was that 
of target range with the fewest false alarms at the 2500 meter range for both target 
contrast conditions and the significantly higher false alarm rate for the 4500 meter 
distance in the no-internal-contrast condition. Discussions with the subjects after all 
studies had been run, revealed that when in doubt, subjects tended to take a conservative 
stance and give the "Target possibly not present" response rather than the "Target 
possibly present" response. 

The narrow range of hit rate and false alarm rate variation for the no-internal-contrast 
condition, while statistically significant, would probably not be of much interest 
operationally. Also, the no-internal-contrast condition would, in most real world 
scenarios, be unrealistic. For these reasons, it was decided to drop the no-internal- 
contrast condition from further study. 

Recognition Pilot Experiment 

The purpose of the recognition pilot study was to examine the effects of the 
experimental parameters upon target recognition. Target recognition is here defined as the 
ability to determine that a vehicle belongs to a particular class; in this case, tanks versus 
armored personnel carriers versus wheeled vehicle versus artillery. Due to the large 
number of data points required for application of theory of signal detection to the 
analysis of the experimental data, it was desirable to first ascertain that the experimental 
parameters and the range of values selected for each were indeed appropriate. Also of 
interest was whether the effects of manipulation of these variables were more or less 
pronounced as a function of target range, a variable inherent to the imagery. 

Method 

Subjects: The subjects were eight of the ten trained observers who participated in the 
detection study. 

Stimuli: The stimuli used in this study were the 32 internal contrast target image chips 
from the detection study. Again the images were of eight targets in four classes. All 
targets were imaged at the 45 degree aspect angle in the Medium background clutter 
condition. All four ranges were included. Only the target chips were included in this 
study. No background-only image chips were included. Every image displayed to the 
subjects contained a military vehicle. 

As was done for the detection study, the images were further processed to produce 
three levels of image blur (image resolution) by applying gaussian filters of radii 8 and 12 
in addition to the non-filtered condition. This resulted in 96 images. 
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At the time of presentation, each of the resultant 96 images was further processed to 
achieve one of three levels of image modulation (dynamic range). The three levels of 
modulation were 0.1, 0.3 and 0.85 as defined by the formula for Michelson Contrast. 
This resulted in 288 images (72 per target class, 36 per target.) 

Equipment: This study was also conducted in the VIPER laboratory using the same 
equipment as described for the detection study. 

Training: Prior to participation in the study, each subject was shown a one or two page 
written description of each of the eight vehicles. This description included at least one 
drawing or photograph of the vehicle. Also included with this material was a photograph 
of the image of the vehicle at each of the four ranges. These images were at the highest 
contrast condition with no blur. The subject was asked to read the written descriptions 
and briefly study the drawings and photographs. 

The subject was then given a training session in the VIPER laboratory. The same 32 
high contrast, no blur images were used for training. The subject was seated in the subject 
booth with the Electrohome display at the 76.2 (30 inch) viewing distance. As for the 
detection study, the medium green screen with the word "READY" was displayed. 
When ready to view the first practice image, the subject was instructed to move the 
trackball on the control panel. At this time one of the 32 images was selected at random 
and displayed for five seconds. This was followed by the medium green screen with the 
word "RESPOND" in the center. At this time the subject would press one of four 
buttons on the control panel to indicate to which of the four classes (Tanks, APCs, 
Wheeled Vehicles, Artillery) the vehicle in the image belonged. A diagram was provided 
above the control panel to remind the subject of which button was associated with each 
possible response. There was no time limit for responding. The subject was required to 
respond before he could go on to the next image. The image was then displayed again 
along with the class to which the vehicle belonged and the word "CORRECT" or 
"INCORRECT" to give the subject feedback on his performance. This screen was 
displayed for five seconds and was then followed by the "READY" screen for the next 
image. Any images which were classified incorrectly were flagged and shown to the 
subject again after all images had been shown the first time. This process continued until 
the subject was able to correctly classify each image. The software kept score of the 
percent correct on each pass. However, only the first pass was considered in determining 
whether training should be repeated. Subjects were required to train until they were able 
to complete two out of three successive practice runs with a score of 90 percent or greater 
on the first pass. 

Immediately before beginning each experimental session, the subjects were required to 
do at least three practice runs with the criterion that they achieve a score or 90 percent or 
greater on at least two of the runs. If they failed to do so, they continued to repeat the 
practice until they had achieved the score of 90 percent or greater on two out of three 
successive runs. 
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Procedure: Each subject ran four sessions. For each session one of the four classes of 
vehicles was designated as the "target" class. The other three classes were designated as 
"nontargets." For a given session, all possible combinations of range, blur and modulation 
were presented once for each of the two vehicles in the designated "target" class, resulting 
in a total of 72 "target images." In addition, 72 images were presented from the three 
"nontarget" classes. The various conditions of range, blur and modulation were equally 
represented in the "nontarget" images. This resulted in 144 images per session. The 
order of presentation of the selected ''target" class was varied for each subject by using a 
4x4 Latin Square (Fisher and Yates, 1957) which was repeated twice for a total of eight 
subjects. 

At the beginning of the session one of the two vehicles from the selected target class 
was displayed with the word "target" below the image. This image continued to be 
displayed until the subject pushed the "Definitely a target" button on the control box. 
Then the other vehicle from the target class was displayed with the word "target" until 
the subject again pressed the "Definitely a target" button. This was followed by each of 
the six vehicles from the three "nontarget" classes with the word "nontarget" displayed 
below the image. In this case, each image was displayed until the subject pressed the 
"Definitely not a target" button. All images were presented at the closest range, at the 
highest modulation and with no blur. 

After the targets and nontargets had been reviewed by the subject, the data collection 
was begun. The procedure was the same as that employed in the detection study, except 
that each image was displayed for three seconds. In each block, all "targets" were 
presented at all ranges and at all modulation levels and all blur conditions (resolution) as 
were the corresponding "no target" images. Image presentation within each block was 
completely randomized for each subject. 

Results 

Two four-way, full factorial, within subjects, fixed effects analyses of variance 
(ANOVAs) were performed using subject, target range, modulation and blur as main 
effects and hit rate and false alarm rate as the dependent variables. The SAS(1982) data 
analysis software was utilized for these analyses. Tables 16 and 17 summarize the 
results of the ANOVAs. 

Target range was found to have a significant effect upon both hit rate and false alarm 
rate. In addition, target range was found to interact with blur in their effects upon hit rate 
and to interact with both modulation and blur in their effects upon false alarm rate. The 
hit and false alarm rates for the four target ranges are given in Table 18. Only the hit rate 
for the 2500 meter target range is significantly different from the others. In the case of 
false alarm rate, only those of the 3500 and 4500 meter ranges are significantly different 
from one another. 
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Table 16 
Recognition Pilot Experiment: 

ANOVA Summary for Hits 

Source df SS 

Subjects (Sub) 
Range (Ran) 
Sub x Ran 
Modulation (Mod) 
Sub x Mod 
Blur (Blur) 
Sub x Blur 
Ran x Mod 
Sub x Ran x Mod 
Ran x Blur 
Sub x Ran x Blur 
Mod x Blur 
Sub x Mod x Blur 
Ran x Mod x Blur 
Sub x Ran x Mod x Blur 

Source 

Subjects (Sub) 
Range (Ran) 
Sub x Ran 
Modulation (Mod) 
Sub x Mod 
Blur (Blur) 
Sub x Blur 
Ran x Mod 
Sub x Ran x Mod 
Ran x Blur 
Sub x Ran x Blur 
Mod x Blur 
Sub x Mod x Blur 
Ran x Mod x Blur 
Sub x Ran x Mod x Blur 

7 11.6806 
3 2.0174 3.33 0.0392 0.0066 

21 4.2396 
2 28.4436 49.59 0.0001 0.0928 

14 4.0148 
2 18.2405 51.74 0.0001 0.0595 

14 2.4679 
6 0.5321 0.85 0.5413 

42 4.3984 
6 2.1519 4.27 0.0019 0.0070 

42 3.5286 
4 8.8715 12.36 0.0001 0.0289 

28 5.0243 
12 0.7674 0.64 0.8003 
84 8.3646 

Table 17 

Er2 0.1940 

Recogi lition Pilot Experiment: 
ANOVA Summary for False Alarms 

df SS F P r2 

7 5.0271 
3 1.3316 5.04 0.0087 0.0108 

21 1.8504 
2 1.3250 6.35 0.0109 0.0108 

14 1.4599 
2 0.6381 4.41 0.0326 0.0052 

14 1.0119 
6 0.1223 0.45 0.8396 

42 1.8966 
6 0.1933 0.55 0.7688 

42 2.4702 
4 0.5225 2.99 0.0358 0.0042 

28 1.2243 
12 1.2000 2.37 0.0109 0.0098 
84 3.5254 

Er2 0.0408 
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Table 18 
Hit and False Alarm Rates as a Function of Target Range 

Target Range 1500m 2500m 3500m 
Hit Rate 0.87 0.79 0.86 
False Alarm Rate 0.041 0.072 

Table 19 

0.025 

Recognition Pilot Experiment, Range = 1500m 
ANOVA Summary for Hits 

Source df SS F P r2 

Subjects (Sub) 7 2.6649 
Modulation (Mod) 2 7.2535 29.07 0.0001 0.1089 
Sub x Mod 14 1.7465 
Blur (Blur) 2 4.3368 30.46 0.0001 0.0651 
Sub x Blur 14 0.9965 
Mod x Blur 4 3.4444 9.14 0.0001 0.0516 
Sub x Mod x Blur 28 2.6389 

Table 20 

Er2 0..2256 

Recognition Pilot Experiment, Range = 1500m 
ANOVA Summary for False Alarms 

Source df SS F P r2 

Subjects (Sub) 7 1.2232 
Modulation (Mod) 2 0.4072 5.86 0.0142 0.0178 
Sub x Mod 14 0.4863 
Blur (Blur) 2 0.2180 1.36 0.2889 
Sub x Blur 14 1.1232 
Mod x Blur 4 0.2782 1.93 0.1337 
Sub x Mod x Blur 28 1.0107 

Table 21 

Er2 0.0178 

Recognition Pilot Experiment, Range = 2500m 
ANOVA Summary for Hits 

Source df SS F P r2 

Subjects (Sub) 7 5.7778 
Modulation (Mod) 2 7.5313 15.70 0.0003 0.0793 
Sub x Mod 14 3.3576 
Blur (Blur) 2 10.7188 26.45 0.0001 0.1128 
Sub x Blur 14 2.8368 
Mod x Blur 4 1.5625 1.76 0.1651 
Sub x Mod x Blur 28 6.2153 

Er2 0.1921 
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Table 22 
Recognition Pilot Experiment, Range = 2500m: 

ANOVA Summary for False Alarms 

df SS 

Subjects (Sub) 
Modulation (Mod) 
Sub x Mod 
Blur (Blur) 
Sub x Blur 
Mod x Blur 
Sub x Mod x Blur 

7 1.6380 
2 0.4621 5.90 0.0138 0.0118 
14 0.5482 
2 0.2005 1.88 0.1899 
14 0.7487 
4 1.0948 4.81 0.0044 0.0280 

28 1.5936 
Sr2 0.0398 

Table 23 
Recognition Pilot Experiment, Range = 3500m: 

ANOVA Summary for Hits 

Source df SS 

Subjects (Sub) 
Modulation (Mod) 
Sub x Mod 
Blur (Blur) 
Sub x Blur 
Mod x Blur 
Sub x Mod x Blur 

7 4.4288 
2 9.1250 29.29 0.0001 0.1311 
14 2.1806 
2 2.0417 11.31 0.0012 0.0293 
14 1.2639 
4 1.8021 6.67 0.0007 0.0259 

28 1.8924 
Er2 0.1863 

Table 24 
Recognition Pilot Experiment, Range = 3500m: 

ANOVA Summary for False Alarms 

Source df SS 

Subjects (Sub) 
Modulation (Mod) 
Sub x Mod 
Blur (Blur) 
Sub x Blur 
Mod x Blur 
Sub x Mod x Blur 

7 0.3376 
2 0.2093 2.16 0.1527 
14 0.6794 
2 0.1529 3.27 0.0685 
14 0.3278 
4 0.1622 1.04 0.4042 

28 1.0916 
& 0.0000 

52 



Subjects (Sub) 
Modulation (Mod) 
Sub x Mod 

7 
2 

14 

3.0486 
5.0660 
1.1285 

Blur (Blur) 
Sub x Blur 

2 
14 

3.2951 
0.8993 

Mod x Blur 4 2.8299 
Sub x Mod x Blur 28 2.6424 

Table 25 
Recognition Pilot Experiment, Range = 4500m: 

ANOVA Summary for Hits 

Source df SS F p r2 

31.42        0.0001        0.0693 

25.65        0.0001        0.0451 

7.50        0.0003        0.0389 

Er2        0.1531 

Table 26 
Recognition Pilot Experiment, Range = 4500m: 

ANOVA Summary for False Alarms 

Source df SS F p r2 

2.16 0.1527 

3.27 0.0685 

1.04   0.4042 

Er2   0.0000 

To further examine the interactions of target range with the other variables, separate 
three-way ANOVAs were performed for each target range for both hit rate and false alarm 
rate. Tables 19,21,23 and 25 summarize the ANOVA results for hit rate while Tables 
20,22,24 and 26 summarize the results for false alarm rate. 

Both modulation and blur were found to significantly affect hit rate at all target ranges. 
In addition, modulation and blur were found to interact significantly in their effects upon 
hit rate for all ranges except 2500 meters. Figure 21 shows the effects of modulation and 
blur and their interaction as a function of target range. 

At the 1500 meter range, as blur was increased, the effect of modulation upon hit rate 
became greater. For the no blur condition, modulation had no significant effect. The mean 
hit rate across all modulations was 0.958. For the blur radius 8 condition, the 0.1 and 
0.85 modulations differed significantly in their effects upon hit rate. The 0.1 modulation 
was found to differ from both 0.3 and 0.85 for the blur radius 12 condition. At this range, 
the effect of blur was significant only at the lowest modulation, where the no blur and the 
blur radius 8 conditions both differed from the blur radius 12 condition in their effects 
upon hit rate. 
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Hits as a function of modulation and blur: 
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Figure 21. Effects of modulation and blur upon hit rate at each target range. 
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At the 2500 meter range, where modulation and blur did not interact, the 0.1 
modulation differed significantly in its effects upon hit rate from both the 0.3 and the 0.85 
modulations. The no blur and the blur radius 8 conditions both differed significantly from 
the blur radius 12 condition. 

At the 3500 meter range, the effect of modulation became greater with increasing blur. 
The 0.1 modulation differed from 0.3 and 0.85 at all levels of blur. Conversely, the effect 
of blur was found to be greatest at the lowest modulation, where the no blur condition 
differed significantly from either of the blur conditions in its effects upon hit rate. At 0.3 
modulation, the no blur condition differed only from the blur radius 12 condition; and at 
the 0.85 modulation, there was no effect of blur at all. 

The same interaction pattern is evident at the 4500 meter range. As blur was 
increased, the effect of modulation became greater. Modulation had no significant effect 
upon hit rate at the no blur condition. At the blur radius 8, 0.1 modulation differed from 
0.85. At blur radius 12,0.1 modulation differed from both 0.3 and 0.85. Blur had a 
significant effect upon hit rate only at the lowest modulation where the no blur condition 
differed from both of the blur conditions. 

For false alarm rate, modulation was found to have a significant effect at the 1500 
meter range, and both modulation and the interaction of modulation and blur were found 
to have significant effects at the 2500 meter range. Neither modulation nor blur were 
found to significantly affect false alarm rate at the 3500 and the 4500 target ranges. 

At the 1500 meter range, false alarm rates were 0.077, 0.031 and 0.015 for the 0.1,0.3 
and 0.85 modulations, respectively. Only the 0.1 modulation differed from 0.85 in their 
effects upon false alarm rate. 

At the 2500 meter range, the effect of modulation was found only with blur; 
modulation had no effect upon false alarm rate for the no blur condition. Blur was found 
to have a significant effect only at the highest modulation where more false alarms 
occurred for blur radius 12 than for blur radius 8. 

Discussion 

The mean hit rate for the 2500 meter target range was significantly lower (0.79) than 
that of the other three target ranges (0.87, 0.86 and 0.85 for 1500, 3500 and 4500 meters, 
respectively). However, this was due to the low hit rates at the more difficult conditions 
of modulation and blur (0.375 vs 0.453,0.531 and 0.484). The hit rate at the less difficult 
conditions differed little from that at other target ranges (0.968 vs 0.984,0.968 and 
0.984). 

The modulation by blur interaction effect upon hit rate at the 1500,3500 and 4500 
meter ranges was not surprising. At all ranges, the effect of modulation was greater with 
increased blur. Conversely, the effect of blur was greater with decreased modulation. The 
same trend was evident at the 2500 meter range, although the interaction was not 
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statistically significant. This may be due to the more pronounced effect of blur at all 
modulations. 

As was the case for the detection experiment, there were few significant effects upon 
false alarm rate. In fact, at the 3500 and 4500 meter target ranges, there were no 
significant effects for modulation or blur. The mean false alarm rates for these two target 
ranges differed significantly from each other. As there were no other significant effects at 
these ranges, the difference must be attributed to target range itself. There were no other 
significant differences among the mean false alarm rates at the four target ranges. The 
widest range of false alarm rates again occurred at the 2500 meter target range (0 to 0.176) 
and seems to be purely an effect of modulation. 

Due to the paucity of interesting effects as a function of target range, it was decided to 
carry only one target range into the primary recognition experiment. The 3500 and 4500 
meter ranges were eliminated due to the lack of significant effects for false alarm rate. The 
2500 meter target range was selected for further experimentation, because the effects of 
modulation and blur upon both hit rate and false alarm rate were somewhat more 
pronounced at this range than at the 1500 meter range. 

Recognition Experiment 

The purpose of the recognition study was to apply theory of signal detection 
methods in evaluating the effects of modulation, blur and noise upon the target recognition 
task. These methods allow operator hit rates and false alarm rates to be combined into a 
single measure of perceptual sensitivity, d'. In addition, Receiver Operating 
Characteristic curves are generated which show graphically the effects of operator 
decision criterion upon target recognition performance. A thorough understanding of the 
interaction of the effects of blur, modulation and noise upon operator target recognition 
performance provides information for system design trade-offs. 

Method 

Subjects: The subjects were the same eight trained observers who had participated in the 
previous studies. 

Stimuli: The stimuli used for this experiment were the eight internal contrast, range = 
2500 meters, stimuli from the recognition pilot experiment. Again, the images were of 
eight targets in four classes. All targets were imaged at the 45 degree aspect angle and the 
Medium background clutter condition. Every image contained a military vehicle; no 
background-only image chips were included. 

The same three levels of image blur were used as for the two pilot studies. This 
resulted in 24 images. 
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At the time of presentation, each of the resultant 24 images was further processed to 
achieve one of nine combinations of three levels of modulation and three static noise 
conditions. The three levels of modulation were again 0.1,0.3 and 0.85 as defined by the 
formula for Michelson Contrast. In addition to a no-noise condition, two levels of static 
noise were created. Gaussian noise distributions of 5122 pixels, having the same mean as 
the image and standard deviations of 6.0 and 10.87, were created in a separate image 
channel. At the time of image presentation, a single pixel of the noise distribution was 
selected at random to correspond with the upper left corner of the image. One half of 
each noise pixel intensity value was then added to one half of the corresponding image 
pixel intensity value to produce the "noisy" image. This resulted in 216 images (54 per 
target class, 27 per target). Figures 22 and 23 show the M-l tank at all combinations of 
modulation and blur with the low and high levels of noise respectively. (The no noise 
condition is shown in Figure 12.) 

The normalized least squares error (NLSE) was used as a measure of the difference 
between the no noise image and the corresponding noisy images. The NLSE is defined by 
Pratt (1991) as 

J     K 

NLSE=J=lk=1 
X£iw)-Gu*)f 

j=\ k=\ 

where: 

F(J, k) is the no noise image 

G(j,k) is the noisy image. 

The average NLSE for the low noise images was 0.014, while that for the high noise 
images was 0.445. 
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Figure 22. M-l tank at all combinations of modulation and blur. Range = 2500 meters; 
low noise. 
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Figure 23. M-l tank at all combinations of modulation and blur. Range = 2500 meters; 
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Equipment: This experiment was conducted in the VIPER laboratory using the same 
equipment as described for the pilot experiments. 

Training: Training was the same as the recognition pilot experiment with the exception 
that subjects trained on only the 2500 meter target range images. A practice run consisted 
of 32 images; each of the eight target images was repeated four times at the 2500 meter 
target range. The training criterion remained the same as the pilot experiment; two out of 
three successive practice runs with a score of 90 percent or greater on the first pass. 

Immediately before beginning each experimental session, the subjects were required to 
do at least one practice run with the criterion score of 90 percent or greater on the first 
pass. If they failed to do so, they continued to repeat the practice until they had achieved 
the score of 90 percent or greater on two out of three successive runs. 

Procedure^ Each subject ran eight two-part sessions. For each session one of the four 
classes of vehicles was designated as the "target" class. The other three classes were 
designated as "nontargets." For a given session, all possible combinations of noise, blur 
and modulation were presented four times for each of the two vehicles in the designated 
"target" class, resulting in a total of 216 "target images." In addition, 216 images were 
presented from the three "nontarget" classes. The various conditions of noise, blur and 
modulation were equally represented in the "nontarget" images. This resulted in 432 
images per session. The order of presentation of the selected "target" class was varied for 
each subject by using paired 4x4 Latin Square (Fisher and Yates, 1957) which were 
repeated twice for a total of eight subjects. 

The experimental procedure was the same as for the recognition pilot experiment. 
Each subject viewed each combination of noise, blur and modulation 64 times for target 
images and 64 times for nontarget images. Each individual vehicle was viewed eight times 
as a target and eight times as a nontarget by each of the eight subjects at all 27 
combinations of noise, modulation and blur. This resulted in a total of 27,648 stimulus 
presentations (3456 per subject). 

Results 

Due to an error in the software for applying the static noise to images, it was 
necessary to discard the data for all conditions including noise. The entire study was 
rerun with the corrected noise conditions. The results from all images associated with the 
"no noise" condition were retained. This resulted in 128 observations per subject for all 
conditions not including noise and 64 data points per subject for all conditions including 
noise. Therefore the data were analyzed using the SAS (1982) general linear models 
(GLM) procedure for analysis of variance (ANOVA). The GLM procedure adjusts for 
unequal numbers of observations among conditions being compared. 

Two four-way, within subjects, fixed effects ANOVAs were performed using subject, 
modulation, blur and noise as main effects and hit rate and false alarm rate as the 
dependent variables. Tables 27 and 28 summarize the results of the ANOVAs. 
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Noise, modulation and blur were each found to have significant effects upon both hit 
rate and false alarm rate. They were also found to interact with one another significantly 
in their effects upon hit rate and false alarm rate. These interactions are depicted 
graphically in Figures 24 and 25. Further one-way ANOVAs were performed to examine 
the interaction of the three variables. Post hoc analyses revealed that at no noise or low 
noise and modulation of 0.1, hit rate differed significantly at all levels of blur. For all 
other combinations of noise and modulation, the no blur condition and the blur radius 8 
condition did not differ significantly from one another in their effects upon hit rate. 
However the blur radius 12 condition resulted in significantly lower hit rate than either of 
the other blur conditions. Only at the low or high noise condition coupled with blur 
radius 12 did all levels of modulation have significantly distinct effects upon hit rate. 
Otherwise, with no noise or less blur, the 0.3 and 0.85 modulations did not differ 
significantly in their effects upon hit rate. Finally, for all levels of blur: (1) the three 
levels of noise had significantly different effects upon hit rate at the lowest modulation, 
(2) the no noise and low noise conditions did not differ significantly at modulation = 0.3, 
and (3) none of the noise levels were significantly different from one another at the 
highest modulation. Noise was found to have little or no effect upon false alarm rate at 
very low modulation or in the presence of increased blur. 

For each subject and each experimental condition, the theory of signal detection 
measure of sensitivity, d', and measure of decision criterion, Beta, were calculated. Two 
additional ANOVAs were then performed using subject, modulation, blur and noise as 
main effects and d' and Beta as the dependent variables. The results of these ANOVAs 
are summarized in Tables 29 and 30. 

As was the case for hits and false alarms, noise, modulation and blur each had 
significant effects on d' and the three variables interacted with one another in their effects 
upond'. This interaction is depicted graphically in Figure 26. Further one-way 
ANOVAs were performed to examine the interaction of the three variables. The effects 
of the modulation by blur by noise interaction upon d' closely follow those for hit rate. 
That is, the modulation by blur interaction becomes more pronounced in the presence of 
increased noise. 

Beta was found to be affected significantly only by the interaction between 
modulation and blur. Figure 27 shows Beta as a function of modulation and blur. Further 
examination of this interaction revealed that of the nine combinations of modulation and 
blur, only the modulation = 0.1 with no blur and the modulation = 0.3 and blur radius 12 
conditions resulted in Beta values which were significantly higher than some (but not all) 
of the other conditions. 
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Subjects (Sub) 7 37.6675 
Noise (Noi) 2 162.9819 
Sub x Noi 14 24.7459 
Modulation (Mod) 2 682.7816 
Sub x Mod 14 29.9561 
Blur (Blur) 2 153.1540 
Sub x Blur 14 5.0039 
Noi x Mod 4 131.6090 
Sub x Noi x Mod 28 19.7790 
Noi x Blur 4 0.9238 
Sub x Noi x Blur 28 4.7975 
Mod x Blur 4 39.5106 
Sub x Mod x Blur 28 4.1064 
Noi x Mod x Blur 8 34.4417 
Sub x Noi x Mod x Blur 56 12.8577 

Table 27 
Recognition Experiment: ANOVA Summary for Hits 

Source df SS F p r2 

46.10 0.0004 0.0555 

125.86 0.0001 0.2324 

242.48 0.0001 0.0521 

46.58 0.0001 0.0448 

1.35 0.2770 

47.92 0.0001 0.0135 

18.75 0.0001 0.0117 

Er2   0.4100 

Table 28 
Recognition Experiment: ANOVA Summary for False Alarms 

Source df SS F p r2 

6.04 0.0129   0.0045 

30.73 0.0001   0.0156 

34.43 0.0001   0.0071 

2.55 0.0613 

0.97 0.4374 

2.39 0.0749 

4.54 0.0003   0.0028 

Zr2   0.0300 

Subjects (Sub) 7 4.7396 
Noise (Noi) 2 3.9819 
Sub x Noi 14 4.7530 
Modulation (Mod) 2 15.9333 
Sub x Mod 14 2.5424 
Blur (Blur) 2 6.3033 
Sub x Blur 14 1.3684 
Noi x Mod 4 1.1975 
Sub x Noi x Mod 28 3.1896 
Noi x Blur 4 0.2150 
Sub x Noi x Blur 28 1.5164 
Mod x Blur 4 0.8612 
Sub x Mod x Blur 28 3.1482 
Noi x Mod x Blur 8 2.4998 
Sub x Noi x Mod x Blur 56 3.8529 
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Figure 24. Hit rate as a function of noise, modulation and blur. 
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Table 29 

Recognition Experiment: ANOVA Summary for d' 

Source df SS F p r2 

Subjects (Sub) 7 11.6269 
Noise (Noi) 2 57.6332          55.75        0.0001        0.1391 
Sub x Noi 14 7.2360 
Modulation (Mod) 2 269.1533        401.13        0.0001        0.5204 
Sub x Mod 14 4.6969 
Blur (Blur) 2 98.7733        317.46        0.0001        0.1672 
Sub x Blur 14 2.1779 
Noi x Mod 4 19.3949          41.30        0.0001        0.0491 
Sub x Noi x Mod 28 3.2875 
Noi x Blur 4 0.8847            1.79        0.1590 
Sub x Noi x Blur 28 3.4608 
Mod x Blur 4 8.0809          13.75        0.0001        0.0143 
Sub x Mod x Blur 28 4.1154 
Noi x Mod x Blur 8 10.6063            9.05        0.0001        0.0274 
Sub x Noi x Mod x Blur 56 8.2003 

Er2        0.9195 

Table 30 
Recognition Experiment: ANOVA Summary for Beta 

Source df SS F p r2 

0.44 0.6515 

3.73 0.0504 

0.91 0.4263 

1.76 0.1655 

1.05 0.4017 

3.89 0.0123        0.0424 

1.10 0.3762 

2r2       0.0424 

Subjects (Sub) 7 77.9409 
Noise (Noi) 2 2.7741 
Sub x Noi 14 43.9417 
Modulation (Mod) 2 8.6473 
Sub x Mod 14 16.2466 
Blur (Blur) 2 4.5190 
Sub x Blur 14 34.8923 
Noi x Mod 4 11.8279 
Sub x Noi x Mod 28 47.0995 
Noi x Blur 4 3.0249 
Sub x Noi x Blur 28 20.2585 
Mod x Blur 4 29.5606 
Sub x Mod x Blur 28 53.1492 
Noi x Mod x Blur 8 16.4593 
Sub x Noi x Mod x Blur 56 104.6039 
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d' 
0.85 

modulation 

blur 

d' as a function of modulation and blur; 
no noise 

modulation 

blur 

d' as a function of modulation and blur; 
low noise 

modulation 

d" as a function of modulation and blur; 
high noise 

Figure 26. d' as a function of noise, modulation and blur. 
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Beta 
0.85 

modulation 

Beta as a function of modulation and 
blur; all noise levels 

Figure 27. Beta as a function of modulation and blur. 
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Discussion 

While modulation, blur and noise each has its individual effects upon hit and false 
alarm rates and d', the interactions between the three variables in their effects upon hit 
and false alarm rates is the really interesting and useful finding of this study. These 
results indicate that in system design, there are trade-offs which can be made. 

The paucity of significant effects for Beta indicates that subjects were able to 
maintain a constant decision criterion across all experimental conditions. Only the 
interaction between blur and modulation had the effect of causing subjects to shift their 
decision criterion somewhat. Only for the two cases of very low modulation with no blur 
and moderate modulation with high blur did they adopt a somewhat more stringent 
decision criterion. For all other cases the decision criterion remained constant. 

The implications for system design are even more evident when one views the 
Receiver Operating Characteristic (ROC) curves which were generated as a result of the 
confidence rating procedure employed in this study. Figures 28 thru 30 present the ROC 
curves for all combinations of modulation, noise and blur investigated in this study. 

The ROC curves show the probability of hits (vertical axis) and false alarms (horizontal 
axis) at five different confidence levels. The first point to the right of the 0,0 anchor 
indicates the probability of hits versus false alarms if only those target presentations for 
which the subject responded "Definitely a target" were treated as hits and all others 
treated as correct rejections (if nontargets) or false alarms (if targets). The next point to 
the right indicates the probabilities of hits and false alarms if all targets for which the 
subject responded either "Definitely a target" or "Probably a target" were treated as hits 
and all others treated as correct rejections or false alarms. The third, or center, point 
indicates the probabilities of hits and false alarms is all targets for which the subject 
responded "Definitely a target," "Probably a target" or "Possibly a target" were treated as 
hits and those for which the subject responded "Possibly not a target," "Probably not a 
target" or "Definitely not a target" are treated as correct rejections or false alarms. The 
fourth point to the right of the 0,0 anchor indicates the probabilities of hits versus false 
alarms if all targets for which the subject responded "Definitely a target," "Probably a 
target" or "Possibly a target" and "Possibly not a target" were treated as hits and all 
others treated as correct rejections or false alarms. The fifth point to the right indicates 
the probabilities of hits versus false alarms if all targets except those for which the subject 
responded "Definitely not a target" are treated as hits. 

Clearly, as we move from left to right on the ROC curve we observe the effects of 
changing decision criterion. The first point shows the effect of a very strict decision 
criterion where the observer must be able to say "Definitely a target" in order for a hit to 
be declared. Each successive point to the right allows for a more lax decision criterion 
until, finally, anything which the observer cannot declare to be "Definitely not a target" is 
treated as a target declaration. 
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mod = 0.85, no blur mod = 0.85, blur=8 mod = 0.85, blur= 12 

mod = 0.3, no blur mod = 0.3, blur=8 mod = 0.3, blur = 12 

mod = 0.1, no blur mod = 0.1, blur=8 mod = 0.1, blur = 12 

Figure 28. ROC curves as a function of modulation and blur; no noise. 
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mod = 0.85, no blur mod = 0.85, blur=8 mod = 0.85, blur =12 

mod = 0.3, no blur mod = 0.3, blur=8 mod = 0.3, blur= 12 

mod = 0.1, no blur mod = 0.1,blur=8 mod = 0.1, blur= 12 

Figure 29. ROC curves as a function of modulation and blur; low noise. 
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mod = 0.85, no blur mod = 0.85, blur=8 mod = 0.85, blur = 12 

mod = 0.3, no blur mod = 0.3, blur=8 mod = 0.3, blur= 12 

mod = 0.1, no blur mod = 0.1, blur=8 mod = 0.1, blur= 12 

Figure 30. ROC curves as a function of modulation and blur; high noise 
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Another approach to predicting operator performance as a function of modulation, 
image blur and noise is through regression analysis. The SAS Institute (1982) RSREG 
procedure was utilized which fits the parameters of a complete quadratic response 
surface. The R2 value for the d' regression was 0.87, indicating that 87 percent of the 
total variance in the data was accounted for by the model. The predictive equation for d' 
is as follows: 

ä = 203 - 5.74N+12.41M+.07B + 1.487V2 +4.67 NM-10.79 M2 +.05 NB+.07MB-.02 B2 

where N = noise, M- modulation and B = blur radius. 

The equation for predicting the probability of a hit is similar: 
pQdt) =.61 - \22N + 237M+.005B+.44N2 +1.23 NM- 2.29M2-.0004NB+.03MB-.003B2 

having an R2 value of 0.84. 

The R2 value for the regression to predict probability of false alarm was quite low at 
only 0.48. This is not surprising, as the false alarm rates for all conditions studied were 
quite low and varied very little. Beta also varied very little, indicating that subjects 
maintained a nearly constant decision criterion across all experimental conditions. The R2 

value for Beta was 0.06. 

The above equations can be used to predict operator target recognition performance in 
terms of d' and probability of hit for any combination of modulation, blur and noise 
within the ranges studied in this experiment. Although the regressions did not yield 
useful predictive equations for probability of false alarm and Beta, the values of these 
parameters wound not be expected to differ significantly from those measured in the 
experiment. 
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CHAPTER 4 

SUMMARY 

Three target acquisition experiments were conducted using simulated infrared imagery 
of eight military vehicles. The first, a target detection study, required subjects to declare 
whether or not a military vehicle was present in an image. The succeeding studies were 
recognition studies which required the subject to determine whether the vehicle present in 
an image belonged to one of four classes. 

Variables of interest in the detection study were target internal contrast, target range, 
scene modulation and blur. Only slight effects of modulation and blur were evident for 
the no-internal-contrast target condition, so this condition was dropped from further 
study. Although target range was found to have significant effects upon hit and false 
alarm rates, these effects were not explainable in terms of ground resolved distance. 
Although the effects of modulation and blur were significant at all target ranges, and their 
interaction was significant at all ranges except 3500 meters, these effects were somewhat 
more pronounced at the 2500 meter range. In all cases of the modulation by blur 
interaction, the effects of modulation were greatest in the presence of blur, and the effects 
of blur were greatest at the lower modulations. There were no significant effects upon 
false alarm rate at any of the four target ranges. 

The recognition pilot study employed the same levels of target range and scene 
modulation and blur as did the detection study. Only targets having internal contrast 
were used in the recognition studies. As with the detection study, target range 
significantly affected hit rate, but not in such a way as to be explainable in terms of 
ground resolved distance. (The 2500 meter range resulted in the lowest hit rate.) The 
same is true for the effects of target range upon false alarm rate. Modulation and blur 
significantly affected hit rate at all target ranges, as did their interaction at all ranges except 
2500 meters. Modulation significantly affected false alarm rate at the 1500 and 2500 
meter ranges, as did the modulation by blur interaction at the 2500 meter range. There 
were no significant effects upon false alarm rate at the 3500 and 4500 meter ranges. 

The modulation by blur interaction in all cases behaved as it had for the detection 
study. That is, the effects of modulation were greater in the presence of blur, and the 
effects of blur were greater at the lower modulations. 

The effects of modulation and blur were most pronounced at the 2500 meter range for 
both hit rate and false alarm rate. Therefore, the 2500 meter target range images were 
selected for the next recognition study. 

The final study examined the effects of scene modulation, blur and noise upon target 
recognition performance and applied the theory of signal detection in the analysis of the 
data. Modulation and blur were found to interact significantly with noise in their effects 
upon both hit rate and false alarm rate. The interaction of modulation and blur followed 
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the same pattern as described for the two previous studies. With the addition of noise in 
the current study, the interaction of modulation and noise became more pronounced with 
increased noise. 

ROC curves were produced from the theory of signal detection rating scale procedure 
which allow one to examine target recognition performance at any combination of 
modulation, blur and noise. In addition, these curves allow one to examine these effects at 
various levels of operator confidence in the target recognition decision. 

Regression analyses were utilized to derive equations which can be used to predict 
operator target recognition performance. These equations can be used to predict d' and 
probability of hit for any combination of modulation, blur and noise within the ranges 
studied in this experiment. 
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CHAPTERS 

DISCUSSION AND FUTURE DIRECTIONS 

The interaction of modulation, blur and noise in their effects upon target recognition 
performance has important implications for trade-offs that may be possible in system 
design. The interaction of modulation, blur and noise in their effects upon target 
acquisition performance indicates that moderate amounts of blur and/or noise do not 
hinder performance greatly if modulation is sufficiently high. Data from the recognition 
experiment indicates that observers were able to achieve hit rates of greater than 90 
percent with very low false alarm rates when the worst-case noise and blur conditions 
were applied to the images with modulation of 0.85. When modulation was dropped to 
0.1 with the same conditions of noise and blur, performance was no better than could 
have been achieved by chance. The effects of blur and noise together is more detrimental 
to performance than the effect of either alone. Conversely, when blur and noise were 
kept to a minimum, the observer was able to perform the target acquisition tasks almost 
without error at the 0.1 modulation level. The ROC curves in Figures 28 through 30 
provide a means for rapidly assessing the effects of the various levels of the three 
variables studied. This data would allow system designers to assess effects of various 
system design changes and select those changes which are most advantageous in terms of 
both feasibility and cost as well as improved system performance. 

Application of the theory of signal detection to the study of human target recognition 
performance allows for the separation of perceptual sensitivity and operator decision 
criterion. The ROC curves in Figures 28 through 30 indicate observer target recognition 
performance at six different levels of observer confidence. The payoff for correctly 
classified targets and the costs for false alarms and misses play an important role in 
determining how well the entire system must perform. 

Highly trained observers are able to maintain a relatively constant decision criterion 
across a wide range of image quality conditions. The analysis of Beta from the 
recognition experiment indicate that for only two of the nine combinations of modulation, 
blur and noise studied, did observers shift their decision criterion somewhat. 

One must keep in mind that there may be differences between statistical significance 
and operational significance. While an increase in probability of a hit from 0.86 to 0.92 
as a result of increasing modulation may be statistically significant, it may or may not be 
worth the increased cost of building a system which delivers the higher modulation. 

The target acquisition studies described here employed a limited target set at only one 
aspect angle. A larger target set presented at various aspect angles would add to the 
realism of the task and might greatly influence both operator target acquisition 
performance and operator confidence. 
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Scene clutter was not included as a variable in these studies. While a moderate amount 
of scene clutter was present in all images, it was constant with respect to the targets. 
Varying the amount of clutter may introduce spatial frequencies similar to those within 
the targets and increase confusibility of terrain features with the targets. This is a 
possible explanation for lower hit rates at the 2500 meter target range in the recognition 
pilot experiment. Also the targets in the studies were not at all obstructed from view by 
scene clutter. Varying amounts of target obstruction may affect target acquisition 
performance and operator confidence. Spatial frequencies of clutter similar to spatial 
frequencies inherent in the targets would be expected to cause the most difficulty. 

Clearly, the variables studied do not operate in isolation in their effects upon target 
acquisition. Care should be taken to examine their interactions with any new variables 
which might be introduced in further studies. 
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APPENDIX A 

Consent Form and Instructions to Subjects 
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HURC PROTOCOL «M9 OCT 95 

INFORMATION PROTECTED BY THE PRIVACY ACT OF 1974 

CONSENT FORM 

TITLE: TRIM2 TARGET RECOGNITION 

1. Models of human visual perception arc being evaluated for their utility in predicting target detection and 
recognition capabilities of human observers. This experiment, a target recognition study, will consist of 
nine blocks of 20 to 30 minutes each. The first block will be a training session and will also include visual 
acuity and contrast sensitivity tests. Each of the succeeding eight blocks will consist of two sessions of 10- 
12 minutes each. The experiment utilizes simulated Forward-Looking Infrared (FLIR) imagery. 

2. If I decide to participate, all necessary procedures will be explained. I will have the opportunity to ask 
questions and to rehearse the procedures. The experiment will be conducted in the Crew-Aiding and 
Information Warfare Analysis Laboratory (CIWAL) at the Human Engineering Division of the Armstrong 
Laboratory at Wright-Patterson Air Force Base, OH. During the experiment, I will be asked to perform 
the following tasks: 1) classify targets as one of four types and 2) provide confidence ratings of my 
responses. 

3. The test environment does not represent any unusual or risky procedures or equipment. There are no 
drugs or medical procedures involved in this demonstration. Data collected in this study will be treated so 
as to protect my privacy. Data presented or published will not identify individual subjects. Results of this 
study will be available to me upon request 

4. Participation in this study will afford me an opportunity to assist in the further development and 
enhancement models of human vision. 

5. There are no alternative methods for obtaining these data. I should incur no personal risk as a result of 
my participation. 

Subject's Signature Date 
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HURC PROTOCOL 9049OCT 95 

PLEASE CAREFULLY READ AND FILL IN THE FOLLOWING SECTION 

6. I, , am paitiripaäng because I want to. The decision to pamcipaie 
in this research study is completely voluntary on my part No one has coerced or intimidated me into participating 
in this program. 
 has adequately answered any and all questions I have asked about this 
study, my participation, and the procedures involved, which are set forth in this Agreement I understand that the 
Principal Investigator or his designee will be available to answer any questions concerning procedures throughout 
this study, t nmWwanrt that if significant m» finding« develop during the course of this research which may 
relate to my decision to continue participation. I will be informed. I further understand that I may withdraw this 
consent at any time and discontinue further participation in this study without prejudice to my entitlements. I also 
understand that the Medical Consultant for this study may terminate my participation in this study if he/she feels 
ibis to be in my best interest. I may be required to undergo certain further examinations, if in the opinion of the 
Medical Consultant, such examinations are necessary for my health or well being. 

7. Minimal Risk. Minimal risk means that the risk of harm in the proposed research is no greater, considering the 
hazard probability and severity, than the risk encountered in daily life or during the performance of routine 
physical or psychological examinations or tests. 

8. I understand that my entitlement to medical care or compensation in the event of injury are governed by federal 
laws and regulations, and that if I desire further information I may contact the Principal Investigator. 

I understand that I will not be paid for my participation in this experiment 

I understand that my participation in this study may be photographed, filmed, or audio/videotaped. I consent to the 
use of these media for training purposes and understand that any release of records of my participation in this study 
may only be disclosed according to federal law, including the Federal Privacy Act 5 U.S.C. 522a. and its 
implementing regulations. This means personal information will not be released to an unauthorized source 
without my permission. 

I FULLY UNDERSTAND THAT I AM MAKING A DECISION WHETHER OR NOT TO PARTIOPATE. 
MY SIGNATURE INDICATES THAT I HAVE DECIDED TO PARTICIPATE HAVING READ THE 
INFORMATION PROVIDED ABOVE. 

VOLUNTEER SIGNATURE SSAN DATE TIME 

PRINCIPAL/ASSOCIATE INVESTIGATOR DATE TIME 

WITNESS SIGNATURE DATE TIME 

INFORMATION PROTECTED BY THE PRIVACY ACT OF 1974 

Authority: 10 VS.C. 8012, Secretary of the Air Force; power» and dude« delegation by; implemented by DOI12-1, 
Officer Locator. 
Purpose: is to request consent for participation in approved medical research studies. Disclosure b voluntary. 
Routine Use: Information may be disclosed for any of the blanket routine uses published by the Air Force and 
reprinted in AFP 12-36 and in Federal Register 52 FR16431. 
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TARr.ET DETECTION STUDY 

INSTRUCTIONS TO SUBJECTS 

During each session of this study, a series of images will be presented. Approximately half of the images 
will contain targets like those shown in the accompanying photographs. The other half of the images will 
be empty background scenes (that is. scenes containing no targets). The images are of scenes at four 
different ranges from the sensor (1500,2500, 3500, and 4500 meters). Therefore the targets will not 
always appear to be the same size on the display. Examples of how the targets will look at the four ranges 
are shown in the photographs. 

Your task in this study is to indicate whether or not you believe that a target was presented in each of the 
presented images. The study procedure will be as follows. 

You will be seated in the VIPER subject booth approximately 30 inches from the display. While no head 
restraint will be used, you are requested to keep your chair and head touching the back wall of the subject 
booth. This is so that we can maintain the 30-inch viewing distance. PLEASE DO NOT LEAN 
FORWARD OR MOVE THE CHAIR FORWARD. 

At the beginning of the session, a medium gray screen will come up on the display with the word READY 
in the center. When you are ready to view the first image, move the trackball slightly. The image will 
appear immediately and will remain on the display for one second. This will be followed by a medium 
gray screen with the word RESPOND in the center. At this time you will press one of six buttons on the 
control panel to indicate whether or not you believe a target was present in the image. The button 
responses are as follows: 

Target definitely present. Target definitely NOT present. 

Target probably present. Target probably NOT present. 

Target possibly present. Target possibly NOT present. 

A diagram is provided above the control panel to remind you of which button is associated with each 
possible response. Please press only one button for each image. 

After you press one of the buttons to make your response, the READY screen will appear for the next 
image. Repeat the above procedure for each image. 

Each session consists of a total of 384 images. While it is estimated that you will finish a session in 15 
minutes or less, time is not so critical as accuracy. Once you press a response button, you cannot 
change your response. So please respond carefully to each image. If you should make a mistake, 
simply continue with the session. 

Note: The images in the photographs are of high contrast. They have not had noise added. They have not 
been blurred. During the course of the experiment, the amount of contrast in the images will be varied. 
Noise may be present in the images. Images may be blurred. 

Remember:   We are not testing your individual ability to detect targets. We are testing the utility of 
models for predicting human target detection performance. Your target detection data is needed, along 
with that of several other subjects, to evaluate the ability of the models to make predictions. So please 
answer as carefully and honestly as possible in indicating your level of confidence. 

THANK YOU FOR TAKING PART IN THIS STUDY. 
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TARflET RECOGNITION STTTDY 

INSTRUCTIONS TO SUBJECTS 

During each session of this study, a series of images will be presented. Each image will contain a military vehicle 
from one of the four classes (tank. APC, wheeled vehicle, or artillery). For each session, only one class of 
vehicles will be considered as targets while those of other classes will be considered non-targets. The target 
class will change for each session. You will be told at the beginning of each session which class of vehicles are 
targets for that session. Approximately half of the images will contain vehicles from the target class. The other half 
of the images will contain vehicles from the non-target classes. The vehicles were imaged at a range of 2500 
meters from the sensor, the same as the practice images.  Your task in this study is to indicate, for each presented 
image, whether or not you believe that a target vehicle was present. The study procedure will be as follows. 

You will be seated in the VIPER subject booth approximately 30 inches from the display. While no head restraint 
will be used, you are requested to keep your chair and head touching the back wall of the subject booth. This is so 
that we can maintain the 30-inch viewing distance. PLEASE DO NOT LEAN FORWARD OR MOVE THE 
CHAIR FORWARD. 

At the beginning of the session, the designated targets for that session will be displayed on the screen. These targets 
will be two vehicles from one of the four classes (tanks, APCs. wheeled vehicles, or artillery).   All other vehicles, 
belonging to the other three classes, will be non-targets for that session. It is very important that you remember 
which class of vehicles are targets for that session. You may want to write it down, as it is easy to get confused 
when doing multiple sessions. 

After you have viewed the targets and non-targets for that session, a medium gray screen will come up with the 
word READY in the center. When you are ready to view the first image, move the trackball slightly. The Image 
will appear immediately and will remain on the display for three seconds. This will be followed by a medium 
gray screen with the word RESPOND in the center. At this time you will press one of six buttons on the control 
panel to indicate whether or not you believe the vehicle in the image belonged to the target class. The button 
responses are as follows: 

Target definitely present. Target definitely NOT present 

Target probably present. Target probably NOT present. 

Target possibly present. Target possibly NOT present. 

A diagram is provided above the control panel to remind you of which button is associated with each possible 
response. Please press only one button for each image. 

After you press one of the buttons to make your response, the READY screen will appear for the next image. 
Repeat the above procedure for each image. 

Each session consists of a total of 216 images. While it is estimated that you will finish a session in 15 minutes or 
less, time is not so critical as accuracy. Once you press a response button, you cannot change your response. So 
please respond carefully to each image. If you should make a mistake, simply continue with the session. 

Note: The images that you saw in the practice sessions were of high contrast. They did not have added noise. They 
were not blurred. During the course of the experiment, the amount of contrast in the images will be varied. Noise 
may be present in the images. Images may be blurred. Some of the images may be very difficult. Do not be 
discouraged, but continue to do the best that you can. 

THANK YOU FOR TAKING PART IN THIS STUDY 
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APPENDIX B 

Study Materials 
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TANK(M-l) 
DMChptlon iMIAIl 
The nun ana turret ot me Ml a ot aavanceo armour construction similar 
to the Choonam armour aeveiooeo in tne unitea Kingdom ano also useo 
on tne Challenger and Leopera 2 MBTs This gives protection against 
ATGWs ana otner oattletieia weaoons. 

The oriver is seateo at tne tront ot the venicie in tne centre ana operates 
the venicie from a semi-reclining position wnen cnvtng w.tn tne natcn 
ciosea. Steering <s accomplished by rotating a motorcycle type T-Bar 
«men actuates tne steering lever on tne transmission to produce tne 
steering speea Dias ot tne iracx. At Doth enos ol tne T-Bar are twist 
grip controls wnicn serve as the throttle lor tne electronic fuel 
management system. The conaition ot fluid levels, litters, oattenes. 
eiectncai connectors ano circuit oreaKers are displayed on me Oriver s 
maintenance monitoring panel. The driver is provided with a single natcn 
opening to tne ngnt witn tnree integral periscopes lor ooservitton wnen 
;ne natcn is cioseo. The centre periscope can oe replaced By an image 
intensification periscope for mgnt driving. The drivers nas 120* t.eid- 
ot-view ana nis mgnt driving periscope wui lit into tne loader s periscope 
nousmg lor mgnt time surveillance. 

The commander and gunner are seated on the ngnt of the turret ana 
me loader on the leit. The commanoer is orovioed witn six periscopes 
«men cover 360* as wen as a signt wnn a magnification ot -3 lor tne 
■27mm maenme gun mounted over nis Dosmon ano an ootical extension 
ot me gunners primary signt The gunner nas a primary signt iGPS) 
«nn auai aav ooncs «nn a maqnmcation ot '0 marrow iieid-oi-viewi. 
-naqmt.calion ot 3 iwioe iieid-ot-viewi. ciose-n surveillance magnifi- 
cation ot ' ana an i8" .>eia-oi-view tnermai imaging mgnt vision optics 
».in a maanilicanon oi -0 marrow neia-ot-"ewi. magnitication ol 3 
wide neio-oi-viewi. sign staomsanon m elevation ano a r-iugnes laser 
•anqennoer "-e lurrei is staomseo m azimuth wnn a comoensatmg 
graticule ar.ve lo xeeo tne aim ooinl on target m aetlection 

-he gunners auxiliary signt la Koilmorgen model 9391 has a 
magn.t.canon ot -8 ana an 8* '.eid-oi-vew The loaaer is provideo witn 
a oenscooe w.in a magnitication oi • t wnicr. can oe traversea tnrougn 
360* 

The tire control system mciuaes me laser rangetinder. full solution 
soua-state oignai computer ano staomseo oavtnermai mgnt signt. The 
staomsat.on system permits accurate Itnng-on-ine-move ana tne gunner 
merely places n.s graticule on me larget. -ses tne laser rangetmaer 
■ Neooym.um TAG) to determine tne range The comouter men oetermmes 
ano applies tne weapon signt onset angies necessary to ootam a target 
nit ano me gunner opens lire The mam armament is eouipped wnn a 
•nuzzte reference system to measure me oeno oi me gun information 
irom a w.na sensor mounteo on me turret root ana a pendulum static 
cant sensor at me turret root centre is tea automatically to tne comouter 
together w.in inputs irom me laser rangennoer ano the ieao angle The 
•oiiowmg data is manually set Dame signt range, ammunition type. Darrei 
«ear. -nuzzle reference compensation Barometric pressure ana 
immunition temoerature 

-he ,ntra-reo Thermal imaging System i TISI nas Been aeveiooeo By 
•ne Muqnes A.rcralt Comoanv ano oroouces an .mage By sensmq me 
small oiilerence m neat raoiatea oy me ooiects in view. Tne aetectea 
energy .5 convertea into eiectncai signals «nicn are aisplayeo on a 
:amooe ray luoe. s.muar to a TV o.cture ana me .mage aisoiavea .s 
;roiectea into me evepiece ot me gunners s.qnt in aaoition. me signt 
jisoiavs larqet ranqe miormation ano .na.cates it me laser rangetmaer 
ias rece.veo more man one return  The operator can select wnicn return 

to use it there is more man one displayed. Ready to tire indication and 
confirmation that me system» are wortting properly are also enrneta. 

The thermal imaging system generate» a graticule pattern ooresignted 
to me day graticule and to tne user ranget.noer. This allow» me gunner 
to operate tne TIS lust as ne would tne day signt. The ,ntr«-rea s.gm 
,s oaseo on use of common module», components standardised to 
5oecit.cat.ons ot me US Army N.gnt Vision ano Electro-Optics Center 

The digital lire control computer is produced in Canada Py Computing 
Devices Company, a division ol Control Oata Canada Limited. The lire 
control comouter hardware consists ot an electronics unit and a seoarate 
:ata entry and test panel. The electronic unit contains tne computing 
»lemeni me power regulators and interlaces wnn otner elements ot me 
i",r. control system. The entry ano test panel contains me «eyooaro 
control switches ana maicators. ana a numeric display The tire. control 
-omouter carries out a continuous monitoring of ns internal «unction 
ino memory ano orov.aes a visual aispiayol any malfunction A manually 
mtiateo seit-iest facility gives tauit diagnosis in e.tner unit oi the system 

to tne reoiaceaoie suo-assemoiv level 
Power tor me e.ectro-nvaraune gun and turret drive system is oroviaea 

ay an engine-onven oumo mrouqn a sno ring in the turret/nun interface, 
•o a power vaive in tne mamloid oeneam tne main armament 

The crew compartment ,s separatee irom tne tue. tan« oy armour 
rjumneaas. Sliding armour doors ana armour orotecteo Boxes isolate me 
■rew trom on-ooaro mam armament ammunition exoiosion An automat.c 
Haion „re-ext,ngu.sn,ng system ,n me tan« reacts io me outorea« ol 
a nre .n two mm.seconas ana ext.nguisnes ures .n less .nan <50 
mni.seconas. Reaay-use ammunition ,s stowea in me turret oustie and 
•n me event ol penetration oy a HEAT oro.ect.ie. me exoiosion would 
Diow oil the too panels w,m me crew Being protected By me access 
ooors wn.cn are normally «eot ,n me cioseo position The loader noios 
tne switcn ciosea to «eeo me aoors ooen. The floors cose automaticany- 
„nen tne pressure switch is rei.eveo in aod.t.on to renting upwaras. 
•he turret Bustle magazine vents to the rear. 

The Ml .3 powerea oy a wcoming Textron AGT tsOO gas lurome 
The engine operates pr.mar.iy on diese, or «erosene-oaseo tuet, out can 
ooerate on oetroi ounng emergences. Approximately -0 per cent ol me 
»ngine accessories ana components can pe removed without removing 
:n, ooweroac« Irom tne tan«. The comoiete poweroac« can oe remo.eo 
ana repiacea m less man an nour comoareo w,tn tour nours tor tne current 
M60 series The gas luro.ne oenvers more norseoower to tne sorocxet 
•nan a comoaraoie o.esei engine oeeause ol me low coonng reouiremen, 
-he exnaust tor me gas turo.ne .s at me rear ot me nun w.in me a.r 

met on tne nun too. „ __ .   ,        .„_.. ,. 
-he engine .s couoiea to a Detroit Oiese, X-H0O-3B fully automat.c 

transmission wnn tour torwara ana two reverse speeds The „ansm.ss.on 
iiso proviaes .n.egrai ora.es. vanaoie nyarostat.c steer.ng ana pivot 

steering. 

'J t MB T showtnq commanaar s 12.7 mm M2 H8 macnina gun ana weapon 
sr/ecrs simulator ovar lOS mm main gun iPierre Touz.n) 

Ul AbramaUBTonatarcisain WastGarmanysnowingaitansmsiowaga 
ol kit on turnt ana witn commanoars. loaamr s ana anvart nitcnas ooan 
I US Army) 
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TANK (M-60) 

ion*>rf ...,<i.,m(f-s  Lina Srsltms ü'^iicn-cutit M60A3 MBT witn thermal sleeve lor ".o rnm M68 tan* gun ana Bnttsn-suooliea smoxe aiscnarqers 

M60A1 M8T armws with 105 mm gun 
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TANK (M-60) 
Description (M60A1I 
The null ot the M60A1 is maae ot cast sections ana forged floor oiates 
weiaea together it is aivided into tnree comoanmems: driver s at me 
front lighting in tne centre ana tne engine ana transmission at tne rear. 

The arrver is seated at tne front ot me venicie and is proviaeo witn 
a single oieee naten cower mat opens to tne ngm. Three M27 periscopes 
are mounted forwara ot nis hatcn and an M24 mlra-reo periscope can 
oe installed in a mount in the centre ot his natcn cover tor driving at 
nignt. The M24 >s now oemg replaced By me AN/WS-2 nignt viewer, 
wmett is ot me passive rather than infra-red type. A hull escape hatch 
is provided near tne drivers position. 

The ail-east turret is in me centre ot tne vehicle with the loader on 
tne left and me commander and gunner on tne ngnt. There is an external 
stowage Basnet at the rear ol the turret. The loader is provided with 
a single natch cover mat opens to tne rear witn an integral M37 periscope 
mat can Be traversed tnrougn 360* 

The commander nas a cupola that can Be traversed tnrougn 360 By 
hand, a single piece naten cover mat opens and swings to tne rear, an 
M2SC signt in the forwara part and eight vision Blocks lor all-round 
ooservation. The M28C can Be replaced By an M36 infra-red periscope 
or an M36E1 oassive penscppe lor nignt vision. The gunner is seated 
m front ot and Below me commanoer and is provided witn an M31 
periscope with a magnilieation ol -8 and an M105D telescope with a 
magnification ol -8 and a 7 5' heia-ot-view The M31 periscope can 
Be replaced By an M32 intra-reo periscope or an M35EI passive oeriscooe 
for nignt engagement ot targets. The MI7A1 or MI7C rangetinder nas 
a magnilieation ol ■ 10. a 4- lieio-ot-vew and a range of Between 500 
and 4400 m 

The engine comoartmem at me rear of me run is separated from me 
'ignting compartment Bv a hreDrooi oumneaa. ana is eauippea witn a 
iire-extinguisning system 

The torsion oar suspension svstem consists ol si« ouai ruooer-ivrea 
roaa wneeis wnn tne .oier at me tront enve sorocnet at the rear ana 
inree trac« return rollers Tne first, secono ano sixth roaa wneei stations 
are proviaeo witn a hyarauiic shoe« aosoroer 

The NBC system ot the M60 is oi tne central air nitration type wmen 
oipes tresn air to eacn crew memoer via a tuoe. A lull range ol nignt 
vision eauipment is fitted as stanaara including an infra-red searcnught 
over me mam armament The latter is eitner tne AN/VSS-I or me more 
'ecent AN/VSS-3A The former is a 2 2 «w Xenon unit that provides 
a narrow or wioe Beam ot hign-mtensny vtsioie or mtra-reo ngnt. A 50 
oer cent increase m ngnt intensity can oe lemoorarnv provided tor '5 
lo 20 seconds Dy overriding tne searcmignt it nas a narrow oeam width 
oi 0 5 to 0 75' ano a wide Beam width oi is* The AN/VSS-3A can oe 
yseo m ootn tne visiBie or mtra-reo mooes wiin tnree lyoes ot oeam. 
comoact. soreaa or vanaote wiath 

The crew compartment is proviaeo with a neater ana a HADIAC NBC 
detector can oe fitted it reauireo The tan« can ford to a depth of t 219 m 
without preparation and witn preparation to a depth ot 2.438 m The 
lan« can also oe tilted witn an M9 Buiiaozer Olaae on tne Iront ol tne 
null lor orepanng tire positions ana clearing oostacies. 

Main armament ot tne M60. M60A1 ano M60A3 tan«s is a 105 mm M68 
•iiiea tan« gun witn a oore evacuator A weii-irameo crew can tire Between 
si« ana eignt ros/mm Of the 63 rounas ot ammunition carried. 26 are 
carried m the torwaro pan ot me null, to tne leit ana rignt ot the oriver» 

position. 13 in tr» turret for ready use. 21 m the turret Bust» «id the 

"XTo! r^tS «onowtng type, o, fixed ammunition 
APOI-T ?M7M,9 APFSDS-T (M735/M735A,|. APFSDS-T IM774K APDS- 

T IM392A2) AP6RS-T (M4941. HEAT-T IM456 series). TP-T (M4671TP- 
rfM490) TPOS-T (M724,. TPOS IM7371. HEP-T (M393A./M393A2). 
n„mmv IM457) TP-T IM393A1). and Smo«e WP-TIM416). The US Army 
° eZ«ed to itar, lunding o, tne new .OS mm XM900E, APFSDS round 

W^J^^.««. »*''%%»££ 
oun w,m an elevation of -60« ana a aeoress.on ot-'S« Mounted eowii V 
?o,«. ,ef. o. tne main armament „ a 7.62 mm M7.machine 9un^rr.n„y 
oeina repiacea By tne M240 weapon wmch is tne Belgian MAG-58. 

A numoer of M60A1S are Being upo.1.0 wi.n the R.SE eng.ne. mam 
armarrTnTtully staB.hsed ,n Botn elevation and traverse. too-ioadingar 
c«nTr "tied new T142 tracxs and improveo mgnt vision ~u.pm.nt. 
Adamonai de.ai.s o. tn„ programme are given ,n ,n. entry tor ,n. M60A3. 

--odei.Miydescr^^^ 

A,mv Oe^o. wn"re tney will 0, conver.ea to other uses sucn as AVLB. 
M728 ComoaTEnginee," venicie, or Counter OBstaeie vehicles. 

T^vilL (development de..gn...on M60A1E3) is a P'"*"**""""*' 

were lirst tittea to tne M60A1 some years ago 

W60A3 MBT tram rtar.  clearly snowing rear stowage oas*er and 
zommanaer s cuooia on right stae ot turrit 

■-3. .    -. .•*-»•   — ^■•*rt„*—«■ 

M60A3 MBT snowing thermal sleeve tor 105 mm MBB jene* tanK gun 
ana Oam ot smoke oiscnargers either sine 01 turnt 
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APC (M-2) 

WJ Braa<8v CFv   ::«r»y S"C*v/n<j CCverefl f*/-.. >a ports m hull siües ana witn turret traversed to left iP-erre Tou^mi 

V? Braotev infantry h<f*ntinq venicte *fitn row launcngr retracted ana 

~>3tches proppea >r>n\ to '  ~%'M scaiei 
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APC (M-2) 

*%g3gfc:Z 
M2 Braolav mtantry lighting vanicle with drivers natch in open position 
i Michael Green/US Armyi 

Drawing ol FMC MIA! Bradtay IFV showing mam improvement* over 
sarliar U2A1 vahicla inoi to i/76th scaiei 

Description 
the nun or me M2 infantry Fighting venicie is made of all-welded 
aluminium armour witn spaced laminate armour titteo to tne null, sides 
ana rear Accoroing to FMC tne armour of tne M2 can dale« 95 per 
cent ot ail ot tne types ot ballistic attack encountered on tne oattletield 
under iFWCFV doctrine Latest production M2A2/M3A2 Bradieys neve 
an additional layer ot aooiiaue steel armour plus explosive reactive armour 
lor increased battlefield survivaDility 

The driver sits at tne tront ot the vehicle on tne left and nas a single 
piece naten cover that opens to the rear and tour periscopes, three to 
the tront and one to tne left side. The centre tront periscope can be 
replaced by an AN/WS-2 passive night periscope. 

The engine compartment is to the ngnt ot the driver The engine is 
coupled to a General Electric MMPT-500 hydro-mecnanical transmission 
The transmission design incorporates two nydraulic pump/motor 
assemblies that utilise radial ball pistons and a umgue gearing 
arrangement to orovide botn steer and propulsion ratios. There are three 
speed ranges witn overall transmission ratios infinitely variable in ail 
ranges. There is a 3 2 kg Malon lined fire e»tinguisner in the engine 
companment and ivvo 2.3 kg ones in the personnel compartment in 
addition there is also a 1 2 kg portable Malon tire extinguianer 

The turret, wmen is ot welded steel and aluminium armour construction. 
<s mounted in the centre 01 the venicie on tne ngnt side witn the gunner 
seated on tne left and the commander on tne ngnt. Eacn crew memeer 
is provided with a single piece natch cover that opens to tne rear. The 
gunner nas a comDined day/thermal sight with an ootical relay lor tne 
commanoer witn magnifications of •* and -12. and both crew memoers 
nave periscopes tor front and side observation, in addition, production 
ventctes are lifted witn a fixed power, daviignt back-up signt wmcn will 
jilow tne gunner or commander secondary signtmg caoaoilitv in tne event 
or primary signt failure. 

Main armament consists ot a McDonnell Douglas Helicopter Company 

M242 25 mm Chain Gun with a 7 62 mm M240C machine gun mounted 
coaxially to the right ot the main armament. The 25 mm cannon nas 
dual feed and tne gunner can select single shots. 100 or 200 rpm rates 
ot «re The cannon will tire botn Oerlikon 25 mm and American M790 
sen« of ammunition including M791 APDS-T. M792 HEI-T and M793 
TP-T The M791 will defeat tne Soviet BMP-i at a range ot 2500 m. The 
empty cartridge cases are automatically eiected outside ma turret 
Currently under development is tne XM919 APFSOS-T round which will 
have greatly increased penetration cnaraetenstics compared with me 
curnnt AP0S-T M791 round. 

The turret nas 360* electric traverse and tne weapons can be elevated 
trom -10 to ♦60* The General Electric turret drive ana staOihMlion system 
allow« tne armament 10 ee laid ana lired while moving «crow rough 
country The system consists ot a traverse drive assemoly for positioning 
and holding tne turret, gun elevation drive assembly for positioning and 
holdinq the weapon. TOW elevation drive «semoly for positioning and 
holding the TOW missile launcner. a TO'.v ft meenamam for raising 
and lowering tne TOW launcner. electronic c-troi assembly, three gyro 
blocks gunners nanostation. commanders nandstation and eaOHng. 

The TOW weapon subsystem nas Bean deveiooed ov tne Mugnes 
Aircraft Corporation under a contract worm S16.5 million. .. nen travelling 
tne twin tube TOW launcner is retracted ano lies along tne left side ot 
tne turret. The TOW system enables tne M2/M3 venicies to engage enemy 
armour out to a maximum range of 3750 m. The TOW missile launcner 
nas an elevation ot -30* ano a depression of -20' 

Two M257 electneaily-ooerated smoke dischargers, with four smoke 
grenades in eacn. are mounted on me forward oart of the turret, one 
on either side of the main armament. In addition production venicies 
are fitted witn an engine smoke-generattng system similar to that on 
most Soviet venicies. 

The M2 carries seven infantrymen: one sits forward of the turret on 
:ne left side facing tne rear, one to tne left of the turret facing the from 
one at the lelt rear ot tne venicie facing inwards, two sit at tne ngnt 
rear facing the back and two s,t .0 tne back ot the turret facing tni 
front Thecommanderaiscdismountswitnmlantry. The M2A2 only carries 
a six man sauad and tne seal to the rear ol the drivers position nas 
been eliminated. .. 

The infantrymen enter and leave tne venicie via a large nydraulicaiiy- 
operated ramp at tne rear ol the null, wmcn nas an integral door in tne 
left side. A single piece natch cover that opens to the rear is provided 
over tne top ot tne troop companment. Six firing ports, two in eacn side 
ot the nun and two at the rear, eacn with a periscope over it. eneoie 
tne infantrymen to tire tneir M231 5 56 mm weapons trom inside tne 
venicie. The M2A2 has no side tiring ports out the ones in tne ramp 
are retained. _    ^ .„-... 

The suspension system includes torsion oars, ano on eacn side mere 
are six dual ruooer-tvred road wheels with tne or.ve sprocket at tne front 
and the idler at tne rear There are two track return rollers tnat support 
tne msioe ot tne track oniv. ano one oouoie roller. Hydraulic shock 
aDSoroers are titled to tne first, second, mird and sixtn road «meet stations. 
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APC(M-113) 

USA / ARMOURED PERSONNEL CARRIERS    457 

Basic Mi 13A2 ARC "ith '? 7 rr.m M2 H8 macnme Qun *J113A3   wifft   aaa-on   armour   kit   tor   mcreasea   protection,   smote 
jiscnarqers ana armourea cuoda with 12.7 mm M2 MG 

•J1J3 series APC leaving a river Curing exercises in West Germany *"rn 

mm vane erected at the front ot the hull (US Army» 

W113A1 armourea oersonnei earner armed 

machine gun 

with 12.7 mm <0 50) M2 HB 
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APC(M-113) 

M113 Armoured Personnel Carrier Family 

Oevetopment 
in January 1956 development began of an air-transportaoie. armoured. 
multi-ourpose ventcie family, to provioe a lightweight, armored personnet 
carrier tor armour and infantry units capaOle of amphibious and air-drop 
operation, superior cross-country mooility and adaptation to multiple 
'unctions througn applications of kits and/or modifications of its 
superstructure . 

Prototyp«* of bom aluminium (T113) and steel (T117) were Puttt and 
tested but development of the T117 was cancelled in favour of further 
development of the T113. This became the T113E1 which was 
standardised as the Mi 13 m i960 and entered production at FMC's San 
Jose facility in eany i960. Trials of a diesei-engined model called the 
Tl 13E2 showed a substantial improvement in operating range (from 321 
to 483 km 1 as wen as a reduction in fire risk. This mode) was standardised 
as tne Carrier. Personnel. Full-Tracked. Armored. M113A1. m May 1963. 
After standardisation to pre-production vehicles were built and the 
MH3A1 replaced tne Mii3 in production from September 1964. 

Description 
The aii-weioed aluminium hull of the Mii3 protects tne crew from small 
arms tire and sneil splinters. 

The oriver sits at tne front of the hull on tne left side and has a single 
piece natcn cover that opens to the rear To his iront ano left sioe are 
four M17 periscopes ano there is aiso an Mi9 mira-reo periscope m 
its root natcn. 

The engine compartment to me ngm ol the onver s position 13 fitted 
«tin a tire-extmguisnmg system that can oe operated by me driver or 
'rom outside tne venicte. The air-miet and air-outiet louvres and the 
exnaust pipe outlet are m tne roof ano there is an engine access door 
■ n tne front of the hull that nmges forwards. 

The power train consists of the power plant (engine, transfer gear case 
ano transmission», steering control differential, pivot steer, final drive 
and associated drive shafts and universal joints. 

The commander sits to the rear of the engine compartment and has 
a cupola that can oe traversed througn a full 360*. five M17 periscopes 
and a single piece hatch cover. Pmtie-mounted on tne forward cart of 
tne commander's cupota is a 12.7 mm iQ.50) Browning M2 MS macmne 
gun with an elevation of -53*. a depression of -21* and a total traverse 
of 360*- One nunored rounds of ready-use ammunition are carried for 
tnrs weaoon. 

The infantrymen enter and leave tne M113 via a power-ooerated ramp 
>n the rear of the hull that opens downwards and has a door m the (eft 
side. Behind the commander s cuooia is an obiong natcn cover that opens 
to tne rear, oenino wnich is a domed ventilator The infantrymen travel 
on seats down eacn side of the hutl. wnicn can De folded up to enaoie 
the vehicle to De used as an amouiance or 10 carry cargo. 

The torsion oar suspension eitner siae consists ot five dual rubber- 
tyred road wneeis witn the drive sorocxei at tne front and tne idler at 
me rear There are no track return rollers ana me first and last road 
«ne*( stations are fitted witn a nyarauiic snock aosoroer A ruOt>€r track 
snroud on eacn side of the hull controls the flow of weter over the tracks 
<»r»en tne venicie is afloat. The M113 <s fully amonibious oetng propelled 
•n tne water by its tracks. Steering wnen afloat is the same as on land. 
Before entering tne water the two onge pumps are switcned on and the 
trim vane, wmch folds back onto me glacis piate wnen not m use. is 
extended at the front of the null. 

The following kits are available tor members of the M113 family anti- 
min« armour bolted on front halt of venicie bottom (includes buoyancy 
aids», ancnor kit (set of two for use witn capstans for self-recovery 1. 
Buoyant side pods, comomation ouildozer/snow oiougn. NSC detector 
ana automatic alarm, full wioth ouovant trim vane, gun snieios. neater 
'or cersonne» ana cargo areas, neater tor engine cooiant and battery. 
siretcner mt wnicn provides suooon tor four stretcners wnen tne venicie 
s oemg useo as an amouiance. M8A3 gas-oarticuiate unit f includes M2A2 
jir purifier wtin flexible noses to 'it Mi4Ai tan« gas masks of driver 
jno commanoer and uo to two omersi non-smo ramp piate Kit ana 
windscreen tor driving with natcn ooen 

M113A2 (formerly Product Improved M113A1) 
Following successful trials witn prototype vehicles the United States Army 
in 1978 decided to carry out a product improvement programme on its 
fleet of M113 (5300) and M113A1 H2 7X) APCs. ail of which are to be 
brougnt up to the new standard by 1989. The conversions are being 
earned out at the Red River Army Depot Texas. Oaewo industries in 
South Korea and Mainz Army Depot. West Germany. The Army piar 
to have 21 323 Product improved M113AI3 m service by tne end ot tisc 
year 1989. The US Army also ordered an initial batch of 2660 Ml 13A2S 
at a cost ot $154 million, the first of whicn were completed at FMC's 
San Jose facility in July 1979. These improvements can oe summarised 
as follows; 

improved engine cooling design that reverses the position of the fan 
and radiator and incorporates a new radiator and surge tank and a new 
cooling tan. This new cooling system draws m amoient air through the 
radiator providing increased cooling efficiency for ootn tne engine ano 
transmission, reduces on film ano dust buiid-uo on the core ot the radiator, 
provides a negative pressure engine compartment which reduces the 
possibility of exnaust fumes leaking into the crew compartment and finally 
provides a longer engine nfe and greater tractive effort at reduced 
temperatures. 

The improved suspension svstem incorporates nign-strengtn steel 
torsion oars mat provide 228 mm of roaowneei travel, improveo snocx 
aosoroers on tne first, second and fifth road wneei stations, stronger 
rear idler assembly which has aiso been raised to reduce tne cnance 
of ground imoact and finally increased ground clearance to minimise 
so rocket ground contact on rougn terrain. 

Other MH3A2 variants sucn as tne M577A2 and tne M125A2 are 
currently available. The M54S cargo carrier witn A2 improvements nas 
been reoesignated me M548A1 ana first production venicies were 
comoietea m 1982 

Pear-mounteo. armoured fuel ceiis are a current production option 
ano many non-united States oroers are calling for meir installation This 
option provides more interior space and reduces the danger of fire 
MH3A1 venicies nave now oeen pnased out 01 proauction A 200 A 
generating system ts available ano «s being pnased into production on 
some venicie models, A kit is also available 

M113A3 
in mid 1980 a Oeveiooment-in-Process Review consisting of Army 
Material Commana. TRADOC ana Logistics Evaluation Agency member* 
'ecommenaed to me Department of the Army mat the imorove 
M113A1E1. developed by TACOM at Warren. Michigan ---«uid be type 
classified toruS Army use MH3A3 production commenceo m early 1987 
ano US Army units started receiving these venicies m tne summer of 
•987 

The M113A3 mcoroorates the coonno and susoension improvements 
of the M113A2 but atso nas Detter pertormance and reliability   Maior 

morovements include the replacement of the 6V-53 (212 ho> dieset engine 
bv tne turoo-cnarged Oetrou Oiesei 6V-53T (275 hpj ano the replacement 
ot me present TX100-1 transmission, transfer gearcase. steering 
differential ano pivot steer witn the X-200-4 Allison transmission wnicn 
provides tour forward soeeos instead of the oresent three hydrostatic 
steering to proviae smootner turning with less effort ana reduceo snock 
loading on me suspension system and greater c" *er etftciencv wnicn 
results m more horsepower and fuel savings. 

The anvers controls nave aiso Been cnangea and the conventional 
sticks nave oeen reoiaceo by a steering wneei ana Drake pedal. 

The US Army reters 10 mis irnorovement as me RISE power train 
• Reliability improvement of Selected Eauiomenn Ounng development 
:ests. a significant .morovemeni tor tne MH3A1E» over tne MH3A1 was 
jcmeveo including acceleration of 0 to 32 km/h m 8 1 seconds compared 
witn 11 r seconas. Draking from a soeea of 32 km/h m 7 3 compareo 
w.in tO m cross-country soeea of 33 7 km/n comoarea with 26 km/h 
For «8 270 km of development tests me Mt 13A1£1 went 3047 km oetween 
failures as opposed to '298 km for tne standard MH3A1 At a speed 
ot 35 4 km/h tne venicie used 22 per cent less fuel man me M113A1 
The Ml 13A3 has a 200 A generating system, four batteries and improved 
-lectr.cai diagnostic capabilities to reoiace me '00 A system witn two 
oatter.es m me M113A2 ft aiso nas armoured external fuel tanks ano 
■ nternai span oroiection nners The tnree improvements (RISE. AGFT ano 
span t.nersi w.ii be applied to me M901A1 and M981 venicies which win 
oecome me M901A2 ano M981A1 The nrst Mii3 <am.iv variant to oe 
converted to me RISE oower tram were M730 Chaoarrai earners The 
entire US fleet of 495 venicies will be converteo to tne M730A2 betwe 
'387 and 1989. 
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WHEELED VEHICLE 
(HMMWV) 

HMMWV M998 Series 
Multipurpose Wheeled Vehicles 

Development 
3aseo on tne arati specification tof trie t-t.an Mootiitv 

Mumouroose vvrteeiea vernae i HMMWVI issueo ovine 
■;5 Army m mio-'9r*9 AM General Corporation 

Jenqneo ana Ouin a orototvpe m tne weaoons earner 
:ont*Qu'ation 

T^e tirs: D'OiotYDe was completed m Auoust 1980 
jrxJ was s«ni io tne Nevaaa Automotive Test Center tor 
-«tensive trm's ana ov Peoruarv 1981 tne Droiotvoe naa 
lccumuiateo 21 000 *m ot instrumented ana avnamic 

■-sttnq 
AM Gene'ai r>ecame one QI three conienoers 

iwaroeO a Ulj Army contract tor me oesiqn ano con- 
struction oi 11 orototvoe MMMWVs is» weaoons cat 
•*** and five uMitvi wntcn were aei<ver**a m Mav 1982 
•" Maren i ••*>> J AM General WHS awarOeO a 4^9 Ö million 
ontr»ct ov i"* US A'mv Tann Automotive Commanq 

TAC0Mt fr*' .*33-> HMMWVS wincr-. were tn»*n OeSia- 
-ated in« M998 S<-<i« tunottioanv MUMMERI T^-S 

<*as in« first increment in a irve-vear contract tor ti4 Q?1 
<entcies wnnn arju'Oximaterv St 2 R'H'On o* mes* 
',omt 39 000 were ior trie US Army ano tne remamcer 
«on o>vK3eo oetween tne US Air Force Naw ana tne 
Marm« Cores nmtiairv J1231 P'oooction commenced 
it MtsnawAKd i''.'t>ana. eartv m tugs Contract ootions 

•nt a tunner ib uOO were exerciser] to anno tne total 
^■oouction ov m.a-1991 to over 72 000 vetoes. inciuO- 

s saies 

m August 1989 the US Army awaraea AM General a 
turiher murt»vea' contract wonn apDro*imateiv $* Oii- 
..on The contract cans lor 3 tunner 33 331 venues until 
1993. witn Two tunner option vears Production unoer 
the new contract Deqan m January 1990 ana pro- 
duction tor the US Armee Forces wm continue unm 
March 1995. bv wnicn time the US Armea forces wm 
nave aoDfoxtmateiY 1 CO 000 HMMWVS A tanner 
10 000 units have oeen ordered oy 30 to'e-qn qoverrv 
ments. inciudtfiQ 2300 units ourcnaseel Ov Saud Araoia 
:c miO-1991 at a cost 0' $123 million 

in service the M998 Series MMMWVS reoiaceo some 
M151 Jeeos. me M2 74 Mule 1830 in service i me M561' 
M792 Gama Goat Mi 000 <n servicei ana tne MS80 
r.er>es(40 0O0inservicei witn 'JO per cent of me neet ot 
Mt Sis ano many ot tne M880s oe'nq replaced ov me 
Commercial UUitv Carqo venicie iCuCV) 

Description 
V^HMMWVriasi1 ■ ?seatmaoneacnsiOeo'meenve 
".Tin wnicn is ry a mtosnio oosnion „lNOwmq mt» 'nm ait 
•►rentiai to De raiseo This loaetner w.m m»» aeared 
•11JDS. orov«aes d cyouna Clearance 01 0-llrf! The 
ocation ot me crew on eacn siae 01 me a"ve tram aiso 
1 ows a tow centre ot aravitv T-I» wmushteio irame is 

utronct enout^i to serve as a ton Dar ana support tor var>- 
■jLS eauipme« h.f; Omer n-nars aiso m.i«e tne hams- 
■ fiairv Drotecteo weapon station .nnerennv stronq ana a 
"leaov tocaiwn on wnicn to mount a varietv ot weaoons 
■■.ucn as TOW. 7 61' ana 12 7 mm machine ouns ann tne 
MK19 MOC3 40 mm arenaae launcne'   At me rear me 

carQooea>siaraeenouan to accommodate an S." ■ 
'^.mitar snener witnout overnanq; it aiso accommo*t 
me Stanoara irteqraied Command Post SvM»- 
■S'CPS) snenef wiin a i5-in(38i mmi overnanq 

P'oOuction versions ot me MMMWV can tic < 
veneo into numerous variants ov cnangmg me hi 
contiQuraiiOn   Tn^se contiqurations are. 
M998 Ca'OO/trocO Carrie' without wmen 
M1038 Carqo/trooo Carrier witn wmch 
M966   TCW  Missne  Carrier,  oasic  armour,  witn. 
wincn 
M '036 TOW Missne Carrier oaS'C armour, with wi'» 
M1045 TOW Missile Came' su0D<ememai armn 
A.tnqul w-ncn 
M tyj6 TC'-v M'ssne Carrier, supoiementai armou' * 
wmch 
Ml025 Armament Cj'ner oaSiC armour, without w<" 
M 1026 Arm.iment Came' OasiC armour, with wnrü 
Ml 04 3 A'm.inient Ca'ner suPDiementai il'uxr 
without w"icn 
Mt044 Arm.imeni Cjrner supplemental armour w 
wtnen 
M99? M,i.i-,»mouijMce -*-iinef oasic armour 
M1C35 Scttiop AmDuiance  2-imer 
Mi03" S^.e'te' K^.vner. wtnout *mcn 
M'042 S^ener Came' wnnwmch 

"i aaanion tn tne aoove seieciea aDOitcation Ktts 
;-'oauceo jb 'o^ows 
'"..irao/t'oco ^'T>e' sott-too enclosure f 2-doc* caoi • 
M998 
Cjrao/trooo Came' son-too enclosure (4-öOO< caoi' 
M998 

HMMWV M997 Maxt-amoutancB witn oeep wafer forcing kit HMMWV M99B cargo/trooo earner 
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Cargo/troop Carner   sort-top enclosure (2-dOOr cao. 
sroocseaisi ior M1038 
Corgo/trooo Carrier  sott-too enclosure (2-acor caD. 
troop/carqo) tor M1038 
Carqo/troop Carrier scn-too enclosure i4-aoor cao. 
carQOl »or M1038 
Armament Carrier   oasic armouf wiin M60 7 62 mm 
macninequn tor M1026 
Armament Carrier suooiementai armour wtn M2 0.50/ 
:2 7 mm macnine Oun tor Ml 044 

Armament Carrier. Suooiementai armour wun MK19 
MO03 grenaoe tauncner tor M1043 
Retrofnaoie weapon station «it for me V998/M1038 
iwetgm 114 hgt. 

Tne HMMWV has Deen aoaoteo tor us« as a mtssne 
itüncn ventcie Launen vemcies oroouceo to oate 
■ncuae tne loiiowing: 
Pedestai-Moumeo Stinger l PMS) carrying etgnt Si mger 
surtace-to-air missies ana one 12 7 mm macnine gun. 
Thrj oecame operational witn tne US Armv in 1989-90 
ana tne total reamrement is tor 273 over a trve-vear 
oenoa For tu» aetans reter to jane s tana-oased Air 
Oe/ence >993-9* oaaes lS6to 158 
LTV Crossoow Peaesuu-Mounteo weaoon System car- 
rymg a vanety of air aeience or antrtan* systems For 
oetaks ot tnis orrvate venture reter to jane s Lano- 
based Att 0«tenc9 > 992-93 pages 153 ana 154 
F>o*e Oottc Gutaea Missile iFOG-M) System The 
MMMWV «was selected as me launcn venicte tor me 
No»v4.ir\e-ot-Siqm iNLOS) comoonem oi me FOG-M 
wrwen was canceled m Oecemoer 1990. For aetans 
'eter to jane s Lano-oaseo Air Oe/enee 1993-94 oages 
'59 ana 160 
An MMMWV was useo tor tinng tnats involving tne Heit- 
•we antMantt gu>oea weapon m a surtace-to-surtace 
foie 
*n MMMWV has Dee« adapted to carry an M40A2 
106 mm recauess ntie tor overseas sates. 

At (eatst one MMMWV nas oeen useo Ov Ailiant Tecn- 
systams tor mars involving a Ugrn Volcano version ot 
fne M139 volcano murtioie delivery mme system - see 
under Minmiayinq eou'omenr tor oetaits. 

To reouce irte cvoe ana mitiai orocurement costs, 
stanaara auiomotrve comoonenrs are useo wnerever 
oossiote as m tne engine, transmission, transfer case. 
orakes ana steenna 

The inaeoenaeni susoensK>n from ana rear, gives 
9OO0 rnanoeuvraDnnv ease ol nanaung ano oart com- 
'"onaiiTy The aearea nuos oive 0 41 m grouna clear- 
ance incorporating raiseo axies tor niqn soeeo ooer- 
*'"Ons on roao ana across country They aiso orovKJe a 
1 92:1 toraue output multiplication ai me grouna. 

Th« susoencea earner from ana rear axies are idem* 
<*t- "*ve differentia» ana are mounted nign oirectry in 
,n* Chassis trame. Tfta from propeller snaft nas oouoie 
caro»n "Oinrs ana tne rear orooetter snaft has singie car- 
a*n »Oints wnicn. according to AM General, qive mifih 
m*t motion, imoroveo toroue cnaractensiics ana 

*9n#f 'enaotiftv witn resultant tower suoDort costs. 
•htcie nanaiinQ is ennancea ov tne front siaoiiiser oar 

0,*f*g artacnea to tne »ower control amis ana orvot 
orac*.et reaucinq snoc* from me tower A-irame mem- 
**•* to th* rnassrs 

Acceleration ol the HMMWV TS SUCH thai * can move 
trom a standstill to 44 knvn m 8 seconds ana trom a 
standstill to 80 km/h m 24 seconas. 

m aaaition to the above mentionea variants, AM Gen- 
eral nas also orpduced tne M1097 'Heavy Mummer 
variant IHHVI to increase the GVW to 4S36 kg - an exrst* 
•r\q MMMWV verswn» can oe oroouceo to mis »eve). 
Known as tne Heavy Weaoon* Carrier or Heavy Arma- 
ment Carner. Tne -heavy cnassrs oenrms a oayioad 
ncrease to 1996 kg mine case ot tne M1097 • GVW is 
4536 kg. The M1097 chassis incoroorat.es imoroveo 
front ana rear oirterentMis. a new transfer case, new 
trom ano rear Droosnjfts. an imoroveo trame mounting 
tor tne steering gear, variable rate rear sonnos and new 
lower Da» joints. The heavier cnassrs allows tne use ot 
an uD-armoured oaiftic oanei orotection kit with 5.56 
ano 7.62 mm NATO ban orotection and permits tne car- 
nage ot heavy weaoons sucn as tne McDonnell Oou- 
gias Heticooters 30 mm ASP-30 cannon. Produaion 
commenced m Seoeamoer 1992. 

Mooiticatjon tens deve*ooeo Ov and avaMao« directry 
■rom AM General mauoe: a seworve uo-armour kit: a 
onjsnguaro. soare tyre and remcan earners: a anveime 
SKKJ oroteaion kit: a central tyre inflation system (CTTS) 
ana a soeoai desert operations oacttage including sec- 
ondary on and rue* Wt rat ion: seated diosncks: a con- 
stant orrve tan and antwnced oil tittratwn. A retrotrtaoie 
«veaoon station kit is an aoaotation ot that used on stan- 
dard HMMWV weapon earners (M998 and M1036 ontv] 
ana waigra 114 kg. 

'he M1097 HHV wea used as the oass tor tne Hum- 
Tier Ca&Over-6ngme iCOE) (4x4) 2268 kg cargo 
true* - see loilowtnq entry Civilian and puOöc utility ver- 
sions ot tne HMMWV are avaiiaDie. 

A nign moortrh/TraeeriHMT) tor use with me HMMWV 
<s under oevetooment and testing. R win orovide 
mprnved moorwy and oaytoad caoactfy comoarea to 
currently tieiaed jeden. On Maren 22 t993 the US 
Army issued a procurement solicitation tor a famiry of 
:nr99 trailers: a 680 kg cargo trailer, a 1134 kg cargo 
:raiier %na a 1134 kg cnassrs trailer. Under a five-rear 
contract UD to 23 000 trailers may oe procured. The 
contract was expected to De awarded m Seotemoer 
1993 witn first deliveries expected ourmg 1994 

Three MMMWVs can oe cameo in a C-130 Hercules 
•ransoon aircraft, sn m a C-141B and 15 m a C-5A 
Galaxy. 

M998A1 Senn - 
■■"! iate 1993 AM General oeaan oroaucinq the M998A1 
series ot HMMWV lor tne US Army All A1 moaets incor- 
porate tne Mt097 'Heavy Hummer chassis compo- 
nents pus new trom seats, an improved parking oraice 
'ever wnn safety mease, a metal nood gnii. imoroveo 
s:ave receotacie. sofed sute gtow plug controller, moa»- 
i.eo ntte mounts, ana upgraded rear nan-snarts. Using 
mese common cnassa components ennances 
HMMWV stanaaroeumon across ail rnodeta. wading to 
.mprovemerns in kxystic support, trammg ana fleet 
zuraotiity The tmroductKXi ot me At senes resurtea in 
■"8 elimination trom new production ot the M1037 ana 
M1042 Shelter earners (reotacea By tne M1097A11 ana 
■r>e Mt036 TOW Maene Carner 

GVW for ail Ai models, except me M1097AV 
increases ov approximately 81 kg aithougn vemcies 
oayioaos ano loads remain tne same. 

AM General otter a new trom seal retrofit kit tor the 
existing HMMWV fleet as pan ot me new series 
production. 

Specifications IMI038 Cargo/troop Carrier 
«/winem 
Cab seating: i • 3 
Configuration: 4*4 

Weight: 
Kerto) 2416 kg 

i GVW) 3493 kg 
Max toad: 1077 kg 
Max towed toad: 1542 kg 
Length: 4 72 m 
Width: (mirrors toidedt 2.18 m 
Height: t.83 m 
Ground clearance: 0 41m 
Track: 1 82 m 
Wtiealbaee: 3.3 m 
Angle o« approach/departure: 4 7V45* 
Max speed: il3km/n 
Range: 482 km 
Fuel caoacrty: 94 6 I 
Max gradient: 60% 
Side siooe: 40% 
Fording: 0 76 m 

iwith preparation) i 52 m 
Engine: V-6 6 2 I d>esei oeveiODing 150 ho at 3600 rom 
Transmwaion: automatte witn 3 torwara ana ^ reverse 

a ears 
Transfer oon: 2-soeea. lull-time 4-wneei ariv* 
juipenemo'  (trom  ana   reari  moepenoent.  aoubie 
A-arm. CO« SOnnq 
Steering: power-assistea 
Turning radius: 7 62 m 
Brake«: nvarauiic aisc trom ana rear 
Tyres: 36 * 12.50 Ft 16.5 LT load range 0 
Electrical system: 24 V 

■:2« 12 V 

Status 
in oroauction. in service witn US Armv Air Force. Navy 
ana Manne Corps. Some tOOOO venicies nave oeen 
sold to 30 fnenaiv toreKjn countnes Known to oe m 
service witn A0u DhaDi i3). OMDOUII 110). LuxempourQ 
(29). tne Philippines. Saudi Araoia i2300 oroerea >n 
'991). Taiwan ano Thailand n50i Ctviiiantseo versions 
have oeen soid to tne Chinese Ministry ot Petroleum 
Exoioration. tne US Boraer Patroi ano otner civilian 

agencies. 

Manufacturer 
AM General Corporation. One Mtchiana Sauare. Suite 
:50. 100 E Wavne Street. South Sena  inaiana 46601 

USA. 
Tel (219)284 2942/2911   Fax: |219) 284 2959/2814 
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Specifications 

Typ« UYQO 
Cm ■■■ewig 1*2 
Configuration 6<e 
Weight (empty) S900kg 
(loaded, roaai 10 400 kg 
Weight on from axle iioadeo] 2700 kg 
Wetght on rear axie uoaaed) 7700 kg 

Mat load ironai 453S kg 
icross-countryi 2268 kg 

Towed toad tro.idi J535 kg 
i crosscountry) 2721 kg 

Load area 3.7 »2.2 m 
Length (witnout wmcni 67m 
Width 2.4 m 

Height ceouceoi 2.1 m 
i ov«raii i 29m 
: «»a area i 132 m 

Ground clearance ia«iesi 0.28 m 
Track (tron: rean 1 72V1 778 m 
Wheetbas* 3.912 m 
Angle ol approach/departure 47\'40° 

^•xapeedifoaai 90km/n 
Rang« 480 km 
pu* capacity 1891 
**■* gradiert) 60% 
fording iwnnout preparation! 0 76 m 

1 with orftoaratjort i 1 98m 
Engine L0T-465-1C 6-cvlinoe 
Qaarbo« ait nave a manual gea 
dutch s<nqie Ofy oiate ts wie 
Transfer bo» 2io»»g 
liaemtg aU hav« cam and twin 
Turning radtua 11 m 
■"ananaiuii ifront/rean Hn» aliipticai sonnos 
1M 9.00 « 20 

M3S4? !■ -ton ,6 , 6, Clrocpersonne, truck w,m mac«™, gun moumng ow 

cao 

M35/M44A2 (6 x 6) 2'/a-ton Cargo 
Truck Series 
D we) lo p inert t 

m in* tare J-JJfH Reo ana me Truck and Bus Division of 
General Motors Corporation eacn developed a new 
2 -ton (6 - 61 true* lor the US Army to reoiace wartime 
v*mcies Reo was awarded the initial production con- 
tact lor 5000 vemctes ana delivered me first venicie m 
1950 Onqmaiiv it was to nave oeen onry an .menm soi- 

■jtwn pendmo large-scale Droduction ot tne General 
Motors desKjn. out as soon as tne Korean War broke 
out « was apparent mat Reo atone couio not meet me 
cecwwements of tne Army so the General Motors moo- 
ats were oiaceo m immediate production Tnev were 
tne M135 witn smoie war wnee« and me M211 with 
auai rear wneeis put tneV were onased out o> pro- 
duction after me end of tne Korean War m favour ol me 
Reo design wn.rn was also built ov Stuaeoatcer and 
was common* known as the üaaer Beaver 

Tne first vehicles were powered Dv a Reo (model 
OA-3311 or Continental (COA-331i petrol enqme wn.cn 
oevewoed 146 bhp at 3400 rpm out later mooe« with 
me suffix A t Mar example M35A1i were powered Ov a 
Continental LOS 4?7-? muil»-tuei engine. Current mod- 
els (tor example M35A21 nave me Continental LD 465-1 
muit>-luel eng.ne wnicn oevetops 140 bhp (grossi at 
2600 rpm 

m 1964 the Kaiser jeeo Corporation Douqnt me Stu- 
oeoaker facilities m Soutn Bend, inaiana. ano was 
awarded contracts to Outid Doth 2 -ton (6 - 6i and 
5-ton (6 ■ 61 trucks tor tne US Army 

'n 1967 Kaiser jeeo tormAfl tne üeiense ano Govern, 
ment Products Division to handle its qovemmem 
contracts, but m 1970 Kaiser jeeo was acauired Dv 
Amencan Motors ano the Oelense ano Govemmen: 
Products Division was named tne General Products 
Division ot the Jeep Corporation in 1971 it was 
renamed the AM General Corporation, men a wnoJiv 
owned subsidiary ot Amencan Motors Corporation 

Bv eanv i960 AM General had produced ov«- 
150 000 M35/M44 series 6x6 trucks. A praoucf 

■moroveo prototype designated the M963 senes w.i* 
aeveiooed Dv me company unoer contract to tne u: 
Army out it did not enter production. 

Tne M963 series was powered bv a Caterpillar Modi- 
3208 V-8 diesei developing 210 hp coupled to an An. 
son MT643 lour-soeoo automatic transmission Ne* 
lxies aave tne venicie a wider track and larger tyre* 
improved soft soil mobility, allowing single instead o' 
the usual dual rear wheels to oe fitted. Other improve 
ments included reoesioned suspension, brakes a"« 
iteenng. a torwaro-nitinq bonnet for easier mamtei»- 
ance ano a wider three-man cab with a spnng-mourttetf 
seat tor me driver 

Bv 1988 M35/M44 production was being earned ou» 
Dv AM General Corporation, tn that year an order to* ■ 
'urmer 399 M44 A2s was placed tor delivery by Octobe- 
1988. in September 1988 it was announced that AM 
General would discontinue medium and heavy true» 

93 



ARTILLERY (M-730) 

M730 series Chaparral surface-to-air missile launcher, based on the M548 
tracked cargo earner with four Chaparral surface-to-air missiles in ready 

to launch position 

M730 Chaparral SAM launcher 
This is based on a modified M548 series tracked cargo earner and mounted 
over the rear area is a one man power operated turret with four Chaparral 
SAMs in the ready to launch position with a further eight missiles being 
carried in reserve, in addition to being used by the US Army, the Chaparral 
is also used by Egypt. Israel. Morocco. Portugal. Taiwan and Tunisia. 
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ARTILLERY (M-163) 

M163A1 20 mm Vulcan sell-propelled anti-aircraft gun system ol the 
US Army fitted with the Lockheed Electronics Company Product Improved 
Julcan Air Defense System iPIVADS) kit 

M163 Vulcan Self-propelled Anti-aircraft Gun 
This is essentially an Ml 13A1 chassis fitted with a one-man electrically- 
driven turret wh.ch is armed with a 20 mm M168 Vulcan gun. Navy Mk 
20 Mod. A gyro lead-computing sight and a range-only radar are mounted 
on the right side of the turret. The chassis is designated the M741. 
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